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Abstract 
Puerto Rico has the highest prevalence of type 2 diabetes, low birth-weight, and the 
second highest prevalence of preterm-birth in all the U.S. and its non-incorporated 
territories. These conditions are related. Birth-weight at both ends of the spectrum and 
preterm-birth are associated with an increased risk for developing type 2 diabetes and 
immune-inflammatory dysregulations. Maternal psychosocial stressors during pregnancy 
have also been recognized as potential risk factors for type 2 diabetes, and have been 
consistently associated with preterm-birth and low birth-weight across populations. 
Current evidence points toward epigenetic fetal metabolic-programming as the mechanism 
that underlies the increased risk for the previously mentioned morbidities. However, the 
particular psychosocial stressors that may contribute to the high prevalence of low birth-
weight and preterm-birth in the population of Puerto Rico have not been well studied.  
The present study assesses the relationships between particular psychosocial 
stressors, socioeconomic status, food insecurity, and birth outcomes. The results of this 
study show that low-risk pregnancy women were more likely to have babies with a higher 
ponderal index if they were exposed to stressors during gestation months 5, 6, and 7, or if 
exposed to “relationship stress” at any time during pregnancy. Women exposed to 
“financial difficulties” at any time during pregnancy were more likely to deliver babies at 
an earlier gestational age. Differences in birth outcomes between the exposed and non-
exposed women were independent of maternal anthropometric measurements, maternal 
age at birth, number of previous births, and sex of the baby. Significant differences in birth 
 ix 
 
outcomes were found between categories of father’s self-identified and identified by others 
ethnicity, but sample size within categories was small. Although mothers with children at 
home had higher levels of food insecurity, and the level of food insecurity was correlated 
with higher levels of stress, no birth outcome measure was associated with food insecurity. 
Some results are atypical in comparison with other populations, and therefore these 
findings may contribute to the understanding of population differences in the relationship 
between maternal stress during pregnancy and birth outcomes. The relatively small sample 
size and strict exclusion criteria of this study may limit the generalizability of the findings. 
Epidemiological similarities between Puerto Rico and other populations, and the 
possibility of a higher ponderal index increasing the risk for type 2 diabetes in the 
population of Puerto Rico need to be examined in future research. 
 
 1 
 
 
 
Chapter One: Introduction 
Statement of Problem 
The population of Puerto Rico has the highest prevalence of type 2 diabetes, low 
birth-weight (LBW), and the second highest prevalence of preterm-birth (PTB) in all the 
US and its non-incorporated territories (CDC, 2009; Hamilton, Martin, & Ventura, 2010). 
These conditions are related; LBW and PTB are associated with an increased risk of 
developing type 2 diabetes mellitus (T2DM) and immune-inflammatory dysregulations 
(Drake & Seckl, 2011; S. Entringer et al., 2008; C. H. D. Fall et al., 1998; Godfrey, 
Gluckman, & Hanson, 2010; Kuzawa, 2007; Kuzawa & Quinn, 2009; Stocker, Arch, & 
Cawthorne, 2007; P.H. Whincup et al., 2008). Maternal stressors during pregnancy, such 
as maternal psychosocial stress and nutritional deficiencies, have also been recognized as 
potential risk factors for T2DM in the offspring, and are associated with gestational 
diabetes, PTB, LBW, and small body size at birth (Borders, Grobman, Amsden, & Holl, 
2007; Dole, 2003; Goldenberg & Culhane, 2007; Kramer et al., 2009; Nkansah-Amankra, 
Luchok, Hussey, Watkins, & Liu, 2010). The current evidence points toward epigenetic 
fetal metabolic-programming as the mechanism that underlies the increased risk for the 
previously mentioned morbidities (Sonja Entringer, Buss, & Wadhwa, 2010; S. Entringer 
et al., 2008; Fowden, Giussani, & Forhead, 2005; Godfrey et al., 2010; Stocker et al., 2007; 
Stöger, 2008). However, the particular psychosocial stressors that may be involved in 
adverse birth outcomes and clinical complications have not been well studied. The present 
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study aimed to identify particular stressors that may contribute to the high prevalence of 
LBW and PTB in the population of Puerto Rico. 
Background and Significance 
Our Evolutionary Past 
The ecological conditions that gave rise to the genus Homo, and latter to modern 
humans, were significantly different to the socio-ecologic conditions currently found in 
westernized and globalized societies (Eaton, 2010; Leonard, 2010). The African species 
known as Homo sapiens sapiens evolved in an ecological context where high levels of 
energy expenditure were necessary for survival (Bramble & Lieberman, 2004; Eaton, 2003; 
Leonard, 2010). As hunter-gatherers, the survival of the species depended on the ability to 
travel on foot for long distances to acquire food (Bramble & Lieberman, 2004). As a result 
of these selective pressures, Homo sapiens sapiens evolved as a highly mobile biped with 
efficient biomechanical and thermoregulatory adaptations that enabled food acquisition 
(Bramble & Lieberman, 2004; Lieberman et al., 2010; Steudel-Numbers, Weaver, & Wall-
Scheffler, 2007). The thrifty genotype hypothesis proposes that long periods without food, 
and intervals of famines and feast were relatively common during our evolutionary past. 
According to this idea, individuals with a thrifty metabolism had a higher survival and 
reproductive success than individuals with a non-thrifty metabolism (Neel, 1962).  
Later, the importance of gene-environment interaction and developmental 
phenotypic plasticity was presented as the Barker hypothesis or the thrifty phenotype 
hypothesis. These ideas originated as a result of observations on the relationship between 
environmental factors during early development and adverse health outcomes later in life 
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(Hales & Barker, 1992, 2001). Further and better understanding of developmental 
plasticity, especially on mechanisms of epigenetic programing and epigenetic trans-
generational inheritance, have provided for recent refinements of this hypothesis (P. D. 
Gluckman, Hanson, Buklijas, Low, & Beedle, 2009; Kuzawa & Quinn, 2009; Kuzawa & 
Thayer, 2011). This life course approach to health and disease from an evolutionary 
perspective is currently known as developmental origins of health and disease (DOHaD), 
and fetal origins of disease (Benyshek, 2007; P. Gluckman, Hanson, & Buklijas, 2010; 
Kuzawa, 2007; Kuzawa & Thayer, 2011).  
Gene-Environment Interaction 
It has been well documented that environmental conditions such as climate and 
nutrition contribute to differences in body size, shape and body composition between 
human populations; and that the Bergmann’s and Allen’s rules operate in humans (Leonard 
& Katzmarzyk, 2010). Genetic variants responsible for phenotypes that increase fitness in 
specific environmental contexts are preserved and increase in frequency. Further 
phenotypic variation is malleable and arises as gene expression is influenced by 
environmental factors. Cell differentiation, growth, development, and phenotypic plasticity 
are mediated by epigenetic mechanisms. Selective pressures in human life history have 
favored epigenetic mechanisms that enable adaptive plasticity during growth and 
development (Jablonka & Lamb, 2005; Jablonka & Raz, 2009). Furthermore, these 
epigenetic mechanisms are able to produce new phenotypes in the absence of new genetic 
mutations (Matzke, Mette, & Matzke, 2000). Epigenetic mechanisms are the mediators 
between the genome and the environment for phenotypic expressions and plasticity 
(Jablonka & Lamb, 1998). Since natural selection operates on phenotypes, epigenetic 
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inheritance is subjected to evolution by natural selection (Feinberg & Irizarry, 2010; 
Jablonka & Lamb, 2005). Epigenetic mechanisms may also provide a better understanding 
of inherited predisposition for complex diseases as T2DM. 
Changes in the Socio-Ecological Environment 
Relatively sudden dietary and environmental changes have occurred with the 
advent of industrialization and globalization (Eaton, 2010). These drastic changes have 
happened in a few generations, and in some cases between two generations or a lifetime 
(McDade, 2010; Shetty, 2002). Cultural and technological adaptations have made humans 
more efficient at manipulating their environments for producing more food, and for 
subtracting more energy and resources with less physical effort (Frisancho, 2010; McDade, 
2010). A consequence of this is better access to high fat, high sodium, and highly processed 
hyper-caloric foods with “empty calories” (Eaton, 2010). Moreover, these socio-cultural 
and technological changes have rendered vigorous physical activity for the survival of most 
westernized humans (Eaton, 2003; Leonard, 2010). In this sense, individuals in westernized 
societies are predominantly living a sedentary lifestyle with excessive caloric intake and 
unbalanced proportions of micronutrients. These novel environmental conditions are 
extremely different to those of our evolutionary past, and represent a mismatch between 
our genome and the current environment (Eaton, 2010). Consequently; as the nutritional 
and lifestyle transition developed, an epidemiological transition closely followed 
(McDade, 2010). These changes are expressed in westernized societies as a high 
prevalence of chronic diseases and relatively low prevalence of infectious diseases.  
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Psychosocial Stressors, the Stress Response and Disease 
Multiple factors in the modern social environment have been found to influence the 
development of T2DM and related chronic diseases (Novak et al., 2013). Psychosocial 
stress caused by social inequality, racism, discrimination, food insecurity and malnutrition 
has been shown in the literature to elicit a “fight or flight” physiological stress response 
(Kuzawa & Sweet, 2009; Marmot, 2005; McEwen, 2008a, 2008b; Wilkinson & Marmot, 
2003). The “fight or flight” stress response is mediated by the hypothalamic-pituitary-
adrenal (HPA) axis. The processes of the HPA axis during a stress response involve cell-
signaling molecules, such as catecholamines that function as neurotransmitters and 
hormones, and glucocorticoids and cytokines that are involved in immune responses and 
inflammation (McEwen, 2008a). A state of hyper-alertness is activated, in which essential 
parts of the body become prepared for sudden and vigorous physical exertion for short-
term immediate survival. However, this response becomes maladaptive when the 
individual is exposed to the stressor in a constant and chronic manner, as chronic activation 
of the “fight or flight” stress response can promote physiological, metabolic and 
immunological dysregulations, and induce an inflammatory state (Sapolsky, 2005). 
The term “allostasis” has been defined as dynamic and regulatory physiological 
processes that take place in response to challenges and stressors, in order to maintain 
homeostasis. Allostasis entails “achieving stability through change” (McEwen, 2008a; 
Sterling & Eyer, 1988). The concept of “allostatic load” or “allostatic overload” represents 
a chronic and intense dysregulation of allostasis, which can lead to pathology. In this 
context, the stress response remains activated at a high intensity for excessive periods of 
time, causing wear and tear in the systems (McEwen, 2008a; Sapolsky, 2005). Allostatic 
 6 
 
overload encompasses the adverse physiological effects of chronic exposure to stress, as 
well as the behavioral or lifestyle changes related to stress exposure. Chronic and intense 
exposure to stress, ineffective stress management or coping, or a compromised ability to 
turn off “fight or flight” responses can result in systemic dysregulations and disease 
(McEwen, 2008a; Novak et al., 2013). 
There are also biocultural responses to psychosocial stressors. It has been reported 
that in some populations with high mortality at young ages and lower life expectancy, 
females experience menarche earlier, engage in sexual intercourse earlier, and have more 
offspring and at a younger age (Jasienska, 2010; Wiley & Allen, 2009). These populations 
also have higher rates of premature and LBW babies (Borders et al., 2007; Collins Jr et al., 
2000). These changes in reproductive timing might be seen as adaptive or coping strategies 
for maximizing survival of offspring in response to particular socio-ecological factors. 
These developmental, reproductive, and behavioral responses suggest that a plastic genome 
might have been favored by natural selection during the life history of the species; and 
epigenetic mechanisms may mediate these responses. 
Stress During Pregnancy and Birth and Health Outcomes of the Baby 
Maternal psychosocial stressors and nutritional deficiencies during pregnancy have 
been associated with gestational diabetes, preterm delivery of offspring, LBW, and small 
body size at birth (Borders et al., 2007; Christian, 2012; Dole, 2003; Goldenberg & 
Culhane, 2007; Kramer et al., 2009; Nkansah-Amankra et al., 2010). These birth outcomes 
are in turn associated with an increased risk of the offspring for developing obesity, insulin 
resistance, T2DM and cardiovascular disease (CVD) during adulthood (S. Entringer et al., 
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2008; C. H. D. Fall et al., 1998; Godfrey et al., 2010; Kuzawa, 2007; Kuzawa & Quinn, 
2009; Stocker et al., 2007; P.H. Whincup et al., 2008).  
Maternal Food Insecurity During Pregnancy 
Food insecurity is defined as ‘‘whenever the availability of nutritionally adequate 
and safe food, or the ability to acquire acceptable foods in socially acceptable ways, is 
limited or uncertain’’ (Anderson, 1990). The US Department of Agriculture defines 
household food security as ‘‘access by all members at all times to enough food for an 
active, healthy life.’’ (Nord, 2010). The concept of food insecurity encompasses dietary 
quantity and quality, as well as the experience of worry and anxiety due to compromised 
or uncertain dietary access and intake. In this sense, food insecurity is itself a form of social 
inequality, a nutritional and economic indicator, and a psychosocial stressor that is closely 
related to other psychosocial stressors, to mental health and various health outcomes (Cole 
& Tembo, 2011; Drewnowski, 2009; Franklin et al., 2012; B. Laraia, Epel, & Siega-Riz, 
2013). 
Limited availability of healthy foods due to the particularities of the ecology and 
the built environment of a community, and limited accessibility to healthy foods due to 
socio-politico-economic circumstances are important contributors to food insecurity 
(Larson, Story, & Nelson, 2009). Food insecurity is associated with T2DM and related co-
morbidities (Seligman, Bindman, Kanaya, & Kushel, 2007; Seligman, Laraia, & Kushel, 
2010; Tayie & Zizza, 2009). In the context of unequal access to resources, demographic 
disparities in the occurrence of obesity and T2DM are a consequence of economic 
insecurity and food insecurity (Drewnowski, 2009; Larson et al., 2009). 
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Individuals who exhibit characteristics such as having a low-income, low-
education, being an ethnic minority, living in a single-female headed household, and 
having children in the household have been found to be have an increased the risk of 
experiencing food insecurity and developing diet-related chronic diseases. Furthermore, 
the associations between these factors and the risk for food insecurity and chronic disease 
are stronger for women (Franklin et al., 2012). Household food insecurity has been 
associated with poorer maternal mental health and psychosocial functioning, and higher 
levels of psychological distress and depression (Grisaru, Kaufman, Mirsky, & Witztum, 
2011; Huddleston-Casas, Charnigo, & Simmons, 2009; B. A. Laraia, Siega-Riz, 
Gundersen, & Dole, 2006; Vozoris & Tarasuk, 2003). The occurrence of major depression 
and generalized anxiety disorder in mothers, as well as in their children, has been found to 
increase with the severity of the food insecurity in the household (Whitaker, Phillips, & 
Orzol, 2006).  
Food insecure women have been reported to be more likely to be obese before 
pregnancy, and more likely to develop gestational diabetes and other pregnancy 
complications than their food secure counterparts (B. Laraia, Siega-Riz, & Gundersen, 
2010). Women from marginally food insecure households, who have also experienced 
dieting-related and weight management difficulties, have been reported to have an 
increased risk for excessive weight gain during pregnancy (B. Laraia et al., 2013). Studies 
have also demonstrated associations between malnutrition and poor birth outcomes, such 
as LBW (Kramer, 1987a, 1987b), and PTB (Pike, 2005). The combination of insufficient 
or uncertain capability to meet the dietary requirements of a whole family, and the 
psychological stress that derives from this situation inflicts detrimental consequences on 
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mental health and the development of chronic diseases. Food insecurity is a powerful socio-
economic determinant of health. For this reason, food insecurity is an essential piece for 
understanding the relationship between maternal psychosocial stressors experienced during 
pregnancy and birth outcomes.  
Maternal Socioeconomic Status During Pregnancy 
Women with low socio-economic status (SES) have a higher prevalence of PTB, 
LBW babies and infant mortality. However, women from minority groups who improve 
their SES can still have a higher prevalence of these adverse birth outcomes than non-
Hispanic White women of low SES (M.C. Lu & Halfon, 2003). Therefore, differences in 
birth outcomes seem to be better explained by maternal psychosocial stress during 
pregnancy (Copper et al., 1996; Lobel, Dunkel-Schetter, & Scrimshaw, 1992; M.C. Lu & 
Halfon, 2003; Non, Gravlee, & Mulligan, 2010; Singh & Yu, 1995). 
Types of Psychosocial Stressors During Pregnancy 
Stressors during pregnancy that have been associated in the literature with adverse 
birth outcomes can be categorized into five groups: (a) pregnancy-related stress (e.g., 
pregnancy-related anxiety) (Kramer et al., 2009), (b) nutrition-related stress (e.g., 
malnutrition, food insecurity (Gundersen, Lohman, Garasky, Stewart, & Eisenmann, 
2008), (c) job-related stress (e.g., job insecurity, discrimination) (Bartley, Ferrie, & 
Montgomery, 2006; Cuddy, Fiske, & Glick, 2004; Marmot, Siegrist, Theorell, & Feeney, 
1999; Ridgeway & Correll, 2004), (d) social inequality (e.g., social status, discrimination, 
racism) (Marmot & Wilkinson, 2005a, 2005b; Nazroo & Williams, 2006), and (e) adverse 
events/experiences (e.g., car accident, death of a family member) (Borders et al., 2007; 
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Dole, 2003; Goldenberg & Culhane, 2007; Kramer et al., 2009; Nkansah-Amankra et al., 
2010). 
Stress During Gestation and Fetal Programming for T2DM 
Overexposure to maternal stress hormones during sensitive periods of fetal development 
can alter and program gene expression (Sonja Entringer et al., 2010). This fetal epigenetic 
programming may produce dysregulation of metabolic and immune functioning, and 
increase susceptibility to inflammatory diseases in the offspring later in life (Drake & 
Seckl, 2011). In addition, circulating maternal stress hormones and immune-inflammatory 
dysregulation may promote preterm labor and LBW (Christian, 2012; Kramer et al., 2009). 
In non-human primate models, high fetal exposure to stress hormones can hinder 
intrauterine growth, alter glucose metabolism, and increase insulin resistance (De Vries et 
al., 2007). Maternal stress can influence the programming of the hypothalamic-pituitary-
adrenal (HPA) axis in the fetus, producing a higher stress reactivity, which may lead to 
immune-inflammatory and metabolic dysregulations that could persist throughout life 
(Cottrell & Seckl, 2009; Mcmillen & Robinson, 2005; Seckl & Holmes, 2007; Van den 
Bergh, Mulder, Mennes, & Glover, 2005). HPA axis hyper-activation is associated with 
high blood pressure, insulin resistance, glucose intolerance, and elevated glucose levels 
(R.M. Reynolds et al., 2001; Rosmond, 2003). The current evidence points toward 
epigenetic fetal metabolic-programming as the mechanism that underlies prenatal stress 
and increased risk for T2DM (Sonja Entringer et al., 2010; S. Entringer et al., 2008; 
Fowden et al., 2005; Godfrey et al., 2010; Stocker et al., 2007; Stöger, 2008). 
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Adaptation or Accommodation? 
“The manifest fit between organisms and their environment is a major outcome of 
evolution. Yet natural selection does not lead inevitably to adaptation; indeed, it is 
sometimes hard to define an adaptation” (Lewontin, 1978). The metabolic-epigenetic 
programming previously mentioned, might be seen as a response to environmental cues 
that the fetus receives. These cues might signal a stressful and nutrient deficient 
extrauterine environment. In this case, a “thrifty epi-genotype” is programmed. The fetus’ 
metabolism accommodates to these stressors by programming a thrifty metabolism. 
However, if there is a mismatch between the pre and postnatal environments then there 
may be an increased risk for the offspring of cardiovascular and metabolic diseases later in 
life (Hanson & Gluckman, 2008; Maltin, 2008; McMillen et al., 2008).  
Evolutionary adaptations become maladaptive when the ecological context in 
which humans evolved changes, and a gene-environment mismatch occurs. In a similar 
way, epigenetic-plastic adaptations might be seen as maladaptive when the extrauterine 
environment does not match the fetal cues received during gestation. Perhaps the “thrifty 
phenotype” produced by gestational stressors can be seen as an accommodation, and not 
an adaptation (Frisancho, 2010). This accommodation mediated by epigenetic changes was 
selected in our life history to increase the survival and fertility rate of the species, but in a 
different socio-ecological context. The appearance of T2DM in the modern socio-
ecological environment could be considered as a trade-off or a byproduct of our life history 
as a species, in which metabolic disturbances become evident due to genome-environment 
and epigenome-environment mismatches. 
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Chapter Two: The Present Study 
 
Most of the studies evaluating the relationship between intrauterine conditions and 
fetal programming for increased risk of T2DM and related comorbidities have concentrated 
on nutrient intake (Barker et al., 1993; De Rooij et al., 2006; Ravelli et al., 1998; R. M. 
Reynolds, Godfrey, Barker, Osmond, & Phillips, 2007; Stein, Zybert, Van de Bor, & 
Lumey, 2004; Yajnik et al., 2003). The objective of this study is to examine the relationship 
between maternal psychosocial stressors during pregnancy and birth outcomes in Puerto 
Rico (PR).  
Specifically, the proposed study seeks to identify particular stressors (e.g., 
pregnancy-related stress, nutrition-related stress, job-related stress, social inequality, and 
adverse events/experiences), which may contribute to the high prevalence of LBW, PTB, 
and T2DM. Such research in the population of PR is sorely needed because little attention 
has been paid to PR despite high prevalence of type 2 diabetes, LBW, and PTB. In 2009, 
the prevalence of type 2 diabetes in PR (12.6%) was higher than any state of the U.S. (CDC, 
2009). Likewise, the prevalence of LBW in PR (12.4%) was higher than any state of the 
U.S.; and PTB prevalence in PR (17.7%) was the 2nd highest after Mississippi (18%) in the 
U.S. for 2009 (Hamilton et al., 2010). 
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Research Aims and Hypotheses 
Aim 1 Determine if high levels of self-reported maternal stress during pregnancy is 
associated with 1) LBW and 2) PTB. 
Aim 2 Determine if maternal low SES during pregnancy is associated with 1) LBW 
and 2) PTB. 
Aim 3 Determine if food insecurity during pregnancy is associated with 1) LBW and 
2) PTB. 
 
Hypothesis #1:  
 
H0: Levels of maternal stress during pregnancy do not differ between the mothers of 
LBW/PTB babies and the mothers of normal birth weight/birth term babies.  
H1: Levels of maternal stress during pregnancy are significantly higher in the mothers of 
LBW/PTB babies than in mothers of normal birth weight/birth term babies. 
Hypothesis #2:  
H0: Maternal SES during pregnancy does not differ between the mothers of LBW/PTB 
babies and the mothers of normal birth weight/birth term babies.  
H1: Maternal SES during pregnancy is significantly lower in the mothers of LBW/PTB 
babies than in mothers of normal birth weight/birth term babies. 
Hypothesis #3:  
H0: Levels of maternal food insecurity during pregnancy do not differ between the mothers 
of LBW/PTB babies and the mothers of normal birth weight/birth term babies.  
H1: Levels of maternal food insecurity during pregnancy are significantly higher in the 
mothers of LBW/PTB babies than in mothers of normal birth weight/birth term babies. 
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Expected Outcomes 
A statistically significant difference between the mothers of LBW/PTB babies and 
mothers of normal birth weight/birth term babies, in terms of maternal stress, SES, and 
food insecurity during pregnancy was expected. It was expected for mothers of LBW/PTB 
babies to report being exposed to higher levels of stress during their pregnancies, higher 
levels of food insecurity, and lower levels of SES, in comparison to the mothers of normal 
birth weight/birth term babies.  
Funding 
This study was funded by the Graduate School, Office of Research and Innovation 
of the University of South Florida (USF). The Challenge Grants provide funding for 
interdisciplinary research teams of USF graduate students. The PI Juan Pablo Arroyo 
(Anthropology), Eunae Cho (Psychology), Charlotte Noble (Anthropology), Katheryne 
Pérez (Public Health), and Coralia Vázquez-Otero (Public Health alumnus) were awarded 
$5,000 as a team to conduct this research study. The findings of this study are intended for 
the master’s thesis of Juan Pablo Arroyo, for scientific journal publications and 
presentations, and to inform future research of team members.  
 
Study Personnel 
This study was carried out by an interdisciplinary team of graduate students and an alumnus 
from the University of South Florida.  
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Juan Pablo Arroyo, B.H.E, is a master’s student from the Department of Applied 
Anthropology, and functions as principal investigator (PI). Arroyo communicated and 
consulted with the administrative and clinical personnel at the hospital for logistics and 
feasible protocols of data collection and for obtaining the necessary permits, 
communicated with authors of validated scales intended to be incorporated to the 
questionnaire, made necessary culturally-relevant linguistic adaptations and 
translations of validated instruments to Puerto Rican Spanish and requested approval 
from the authors, developed the questionnaire and the proposal, submitted the project 
to the IRBs of Puerto Rico and USF, traveled to Puerto Rico, recruited participants, 
administered and collected informed consents and questionnaires, compensated 
participants, collected the data from the medical records, translated the collected data 
from Spanish to English, performed data entry and management and the analysis of the 
data, and wrote this document. This study is currently being presented as his master’s 
thesis, and will allow Arroyo to develop the methods and surveys that will be used for 
his Ph.D. thesis on maternal stress and the development of diabetes. 
 
Eunae Cho, M.A, is a doctoral candidate from the Department of Psychology. Cho 
served as a literature reviewer and consultant for choosing validated psychometrics for 
measuring stress that were appropriate for the population under study. Cho contacted 
the authors of the validated scales to request permission for using their instruments in 
our study, and provided instruction on the scoring of the psychometrics. The present 
study enabled her to broaden the scope of her research by examining physical health 
outcomes, and by developing skills necessary to work on interdisciplinary research. 
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Charlotte Noble, MA/MPH, is a doctoral student from the Department of Applied 
Anthropology.  Noble served as a literature reviewer and consultant for choosing the 
scale to measure food insecurity, and performed the scoring of the food insecurity scale. 
Noble formatted and edited the questionnaire. The present study enabled her to 
continue honing nutritional and food security assessment skills necessary for 
dissertation research, and allowed her to develop a skill set in measuring stress. 
 
Katheryne Pérez, B.S., is a master's student from USF's College of Public Health. 
Pérez traveled to Puerto Rico, recruited participants, administered and collected 
informed consents and questionnaires, compensated participants, translated the 
collected data from Spanish to English, performed data entry, executed data-set 
management and scoring of scales. The study allowed her to acquire experience in 
fieldwork, data collection and data management, and to gain real-world public health 
experience crucial to her education and a career in the field of epidemiology. 
 
Coralia Vázquez-Otero, JD, MPH is an alumnus from USF’s College of Public 
Health. Vázquez-Otero communicated and consulted with the administrative and 
clinical personnel at the hospital, assisted on performing culturally-relevant linguistic 
adaptations and translations of validated instruments to Puerto Rican Spanish, traveled 
to Puerto Rico, recruited participants, administered and collected informed consents 
and questionnaires, compensated participants, collected the data from the medical 
records, translated the collected data from Spanish to English, performed data entry, 
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and served as SPSS consultant to Juan Pablo Arroyo. The study allowed her to gain 
experience on fieldwork and data collection necessary for continuing a career in 
research.  
 
Study Design 
 Participants (n=67) answered a questionnaire in their native language (Spanish) 
measuring psychosocial stressors. In this study, the data was collected in a retrospective 
manner from existing medical records, and in a prospective manner with a questionnaire. 
Because the researchers collected already existing medical record data and new non-
existing data from the participants, the study is considered both “retrospective research” 
and “prospective research” under the IRB. In terms of exposure and outcome temporality 
and data analysis, this research study followed the design of cross-sectional study. The 
exposures and outcomes had already taken place at the moment of recruitment and data 
collection. Statistical comparisons were intended between individuals classified as LBW 
and normal birth-weight, and between individuals classified as PTB and normal-term.  
 However, only two participants could be categorized as LBW and five as PTB. Due 
the small sample size (n=67), a case-control approach to compare maternal exposure to 
stressors could not be performed. In this study, birth-weight, birth-term weight for 
gestational age, and ponderal index are considered as the outcomes. Maternal stressors 
experienced during pregnancy are considered as past exposures that could have increased 
the probability of influencing birth-weight, birth-term weight for gestational age, and 
ponderal index. In this sense, the hypotheses stating that maternal stressors during 
pregnancy can increase the probability of LBW and/or PTB in the offspring were tested.  
 18 
 
 
Methods of Data Collection and Management 
Sample Size 
The population under study is composed of women that have given birth in HIMA 
San Pablo Hospital at Caguas (HIMA Caguas), Puerto Rico. Participants (n=67) answered 
a questionnaire in their native language (Spanish) measuring psychosocial stressors. 
Inclusion Criteria and Exclusion Criteria  
The inclusion criteria considered the following: All participant mothers gave birth 
at HIMA Caguas. All the babies of the participant mothers were born 60 days or less before 
the moment of recruitment for the study. Participant mothers had to be between 16 and 35 
years of age at the time of giving birth, in order to be able to participate. 
The exclusion criteria considered the following: Mothers who had high risk 
pregnancies were excluded. In this study a “high risk pregnancy” is one which includes at 
least one of the following conditions: Mother with pre-existing diabetes (type 1 or 2), 
gestational diabetes, preeclampsia, placenta previa, polyhydramnios or oligohydramnios, 
multiple pregnancy (twins or more), sexually transmitted diseases, HIV/AIDS, baby with 
congenital or genetic defect, and/or otherwise diagnosed by a physician as a high risk 
pregnancy (except for breech babies, which were not excluded). Mothers younger than 16 
or older than 35 years of age were excluded. Mothers who had a multiple pregnancy/birth 
(twins or more) were excluded. Mothers of babies with more than 60 days of being born, 
at the moment of recruitment, were excluded. The conditions previously mentioned may 
increase the risk for PTB and LBW. Therefore, individuals with these conditions were 
excluded in order to reduce confounders in the data. 
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Recruitment of Participants and Data Collection with the Mothers’ 
Questionnaire 
 Once the study was approved by the Universidad Central del Caribe (UCC) and 
University of South Florida IRBs, investigators Arroyo, Vázquez-Otero, and Pérez 
undertook the tasks of recruitment and data collection. This took place between July 16 
and August 19 of 2012. Women hospitalized in the maternity ward and mothers whose 
babies were hospitalized at the NICU of HIMA Caguas were invited to participate.  
 The initial screening for exclusion took place at the moment of recruitment and was 
based on the information reported by the potential participants. Potential participants were 
orally asked about the inclusion criteria (See Appendix 3: Script for Participant 
Recruitment). Potential participants who meet all the inclusion criteria were asked about 
the exclusion criteria. The researcher would show the potential participants a sheet that 
asked about all the exclusion criteria (See Appendix 3 and Appendix 4: Exclusion Criteria 
Sheet). Because the exclusion criteria included sensitive and personal information, the 
researchers explained to the potential participants that they did not have to explain or 
identify which exclusion criteria they meet. Potential participants were asked to only say 
orally if they meet any of the exclusion criteria. Potential participants who did not meet 
any exclusion criteria were handed the Adult Informed Consent Form (See Appendix 5) 
and were asked to participate. 
 Legal age in Puerto Rico is 21 years. Therefore, individuals who were 16 to 20 
years old needed parental consent in order to participate in the study. Participants under 
legal age filled out an Assent Form (See Appendix 6) and their parents or legal tutors filled 
out a Parental Permission Form (See Appendix 7). The only exception to this situation were 
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16 to 20 year old participants who were legally married or emancipated.  Consequently, 
participants who were 21 years of age or older, and 16 to 20 year old participants who were 
legally married or emancipated filled out an Adult Informed Consent Form in order to 
participate. 
 The researchers read to the participants the summary of the informed consent that 
they were agreeing to sign. Participants handed to the researchers the signed Informed 
Consent. The identifiable information was entered into a Data Dictionary Key Form and a 
participant ID was be assigned in order to de-identify the questionnaire. The questionnaire 
was handed to the participants; they answered it and then returned it to the researchers. 
From this moment the questionnaires were kept separate from all identifiable information. 
The Data Dictionary Key Form and the Informed Consent are being kept separate from the 
questionnaire. This procedure for de-identifying the questionnaire applied for hospitalized 
mothers and for mothers with a hospitalized baby in NICU. The identifiable information 
collected in the Data Dictionary Key has been necessary for matching the mother with her 
baby, for subsequent extraction of data from the medical records. 
Hospitalized Mothers 
Arroyo, Pérez, and Vázquez-Otero (called “USF study staff”) visited the rooms in 
the maternity ward to provide information about the study and recruit mothers who had 
recently given birth (See Appendix 3 and Appendix 2: Recruitment Flyer). Mothers who 
were not interested in participating in the study were not approached again and did not 
receive any further visits from the USF study staff. The USF study staff handed the 
Recruitment Flyer and the Informed Consent Form to mothers who showed interest in the 
study. These potential participants were given the time they requested for reading and 
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deciding if they wished to participate in the study. After the signed Informed Consent had 
been returned to the USF study staff, the questionnaire would be handed to the participant. 
The questionnaire was intended to be answered by the participant mothers. However, 
fathers of babies were sometimes present in the room while the participant mother 
answered the questionnaire. Therefore, fathers may have helped or influenced the 
participant mothers while they answered the questionnaire.  USF study staff collected the 
answered questionnaire and answered any questions about the documents or the study. The 
time that took to answer the questionnaire was approximately 20 minutes, but some 
participants held the questionnaire for more than 24 hours before returning it to the USF 
staff. The participants were able to ask the researchers about any aspect of the questionnaire 
that they considered unclear, and the researchers provided clarification. 
Mothers with a Hospitalized Baby in NICU 
USF study staff visited the neonatal intensive care unit (NICU) at the visiting hours 
(1:00pm – 1:30pm and 7:30pm – 8:00pm every day of the week) to provide information 
about the study and recruit the mothers of the babies hospitalized in the NICU (See 
Appendices 2 and 3). Mothers were approached while they waited for entering the NICU 
and after they came out of visiting their babies. However, only step #1 of the Script for 
Recruiting Participants at the Hospital was performed with mothers waiting to enter the 
NICU. For mothers interested, the subsequent steps follow immediately after they finished 
visiting their baby at the NICU.  
Mothers who were not interested in participating in the study were not approached 
again by USF study staff. The USF study staff handed the Recruitment Flyer and the 
Informed Consent Form to mothers who showed interest in the study. These potential 
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participants were given the time they requested for reading and deciding if they wished to 
participate in the study. After the signed Informed Consent had been returned to the USF 
study staff, participants were handed the questionnaire. USF study staff collected the 
answered questionnaire and answered any question about the documents or the study. 
Answering the questionnaire took approximately 20 to 30 minutes. USF study staff stayed 
with the participant and waited while the Informed Consent was signed and the 
questionnaire was answered. USF study staff was present for answering any question about 
the documents or the study. The participants were able to ask the researchers about any 
aspect of the questionnaire that they considered unclear, and the researchers provided 
clarification. 
Monetary Compensation of Participants 
 After the participant returned the signed informed consent, the USF study staff 
handed the questionnaire to the participant. Participants received a compensation of $15 in 
cash after they returned the answered questionnaire to the USF study staff. The participants 
and a researcher signed a receipt for the compensation with the date and time, and both the 
researcher and participant kept a copy of the receipt. Participants were able to withdraw 
from the study at any time without the need of providing any justification to the researchers. 
Even if a participant decided to withdraw from the study, the participant would have kept 
the full compensation of $15. 
Medical Records Data Collection 
HIMA Caguas granted permission to the researchers for extracting data from the 
medical records of participants who provided clearance by signing the Informed Consent. 
USF study staff performed data extraction from the medical records of the participant 
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mothers and their babies. The Medical Record Data Extraction Sheet (See Appendix 8) 
was used for obtaining essential information for verifying if participants met or did not met 
the inclusion and exclusion criteria. In addition, clinical information about the mother 
during pregnancy and the birth outcomes was collected in order to test the study’s 
hypotheses. The Medical Record Data Extraction Sheet was de-identified and only had the 
participant’s study identification number.  
Data Safety and Monitoring 
The researchers collected, stored, and managed all the data. All questionnaires and 
forms were considered and treated as confidential. At the end of each day, all the received 
paper questionnaires and forms were stored in a lockbox in a secure location. All 
participants were assigned a study identification number (ID) during the administration of 
the questionnaire. Each participant mother and her baby had a matching study ID number. 
For instance, for a mother who was assigned a number of “M009”, her baby was matched 
as “B009”. All the data entered into the researchers’ laptops were and will continue to be 
kept de-identified, without any link to any identifying information, including the Data 
Dictionary Key Form containing the names identifying the study participants. When the 
paper questionnaires were entered into the computer database, only the participant ID 
number was associated with each participant's questionnaire responses. All data 
management and analysis was conducted with the de-identified database in order to protect 
the identity of all study participants. Only the researchers had access to the original paper 
questionnaires and the Data Dictionary Key Form containing the names identifying the 
study participants. The identifiable information collected in the Data Dictionary Key was 
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necessary for matching the mother with her baby, and for subsequent extraction of data 
from the medical records. 
All five study personnel were responsible for data safety and monitoring.  Once a 
week during data collection, study personnel reviewed completed questionnaires and chart 
extractions to determine if the protocols were being followed.  These checks included 
ensuring that the data collection procedures were being done as outlined in the protocol 
submitted to the graduate school and IRB review boards (both in U.S. and Puerto Rico), 
ensuring that only eligible participants were being recruited, verifying receipt of informed 
consents and/or assents, and documenting any problems of informed consents or dropouts.  
After data collection, data monitoring took place during data entry. Researchers double 
entered all the survey data as verification, and an overlap comparison was made. 
Paper data is being kept in a locked file cabinet within a secure locked office. The 
digital de-identified data is being stored on five password protected computers owned by 
the researchers. Arroyo is the custodian of the original paper questionnaire forms, and these 
will be retained for a minimum of five years after the close of the study with the UCC IRB 
(Universidad Central del Caribe’s Institutional Review Board) and USF IRB (University 
of South Florida’s Institutional Review Board). If the original paper questionnaire forms 
are to be destroyed, this would be done by a paper shredder and take place after a minimum 
of five years after the close of the study with the UCC IRB and USF IRB. If the electronic 
files are to be destroyed, it would be done by deleting all relevant study files from the 
password protected computers storing the files.  
Data from the questionnaires and from the medical records were collected on paper 
forms (See Appendix 9: Mothers’ Questionnaire and Appendix 8: Medical Record Data 
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Extraction Sheet) and were entered twice into two different Microsoft Excel spreadsheets. 
An overlap comparison between the two databases was used as means of quality control. 
Inconsistencies were highlighted, verified, and corrected. A data monitoring log was used 
for problems encountered and solutions or decisions made regarding data entry and 
analysis. This data monitoring log was kept up to date by modifying it as analysis was 
conducted.  
Data Analysis  
Data analysis was intended to address the aims and test the hypotheses of the study. 
Descriptive and inferential statistics for quantitative data were performed using SPSS V21. 
The questionnaire consisted of six brief, previously validated stress and food security 
scales, and four sections developed by Arroyo on “Other Stressors,”, “Discrimination,”, 
“Top 5 Stressors,”, and socio-demographic data. In this cross-sectional study, birth-weight, 
birth-term, weight for gestational age, and ponderal index were considered to be the 
outcomes. Maternal stressors during pregnancy were considered as exposures that could 
increase the probability of LBW and PTB.  
The stress scores of each scale, the continuous SES data, and the scores of food 
insecurity were tested for correlation with the continuous birth outcomes data. Means of 
continuous birth outcomes were compared between the exposed vs. non-exposed to 
particular stressors, between categories of SES and between categories of food insecurity. 
Continuous data on the timing, duration and intensity of each reported stressor, were 
compared with different categories of exposures and outcomes. A detailed account of the 
process for data analysis and statistical tests performed is provided in the section of 
“Statistical Analysis and Results,”. 
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Instruments  
Mothers’ Questionnaire 
Only mothers were asked to answer the questionnaire, and data on the father of the 
baby were provided by the mother. However, some fathers and other family members were 
present in the room while the participant mothers answered the questionnaire. The 
questionnaire is composed of validated stress scales and sections developed by Arroyo. 
Validated psychometrics/scales designed for measuring different kinds of stressors were 
selected to for suiting the population and aims of the study. The authors of each scale were 
contacted, and permission was requested for using each scale. Scales were translated and 
adapted to “Puerto Rican Spanish” when needed, in order to meet linguistic practices that 
are culturally-specific to the population under study. The scales were translated by Arroyo 
and back-translated by Vázquez-Otero. These two researchers were born, raised and lived 
in Puerto Rico for more than 26 years. The entire questionnaire was pilot tested with five 
women from Puerto Rico in the age range of the intended study population. Feedback was 
received and improvements were made accordingly. The changes were submitted to the 
authors of the scales and were accepted. Below is the description of the sections of the 
Mothers’ questionnaire. 
The Perceived Stress Scale (PSS) 
The 10-item Perceived Stress Scale (PSS) is one of the most widely used 
psychological instruments for measuring the perception of stress (n = 67, range 2 to 25, 
mean = 12.36, SD = 6.22, α = 0.748). This scale has been validated with European Spanish 
(Remor, 2006) and Mexican (Ramírez & Hernández, 2007) samples; and has been 
previously used with a sample of Puerto Ricans from Boston (Mattei, Demissie, Falcon, 
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Ordovas, & Tucker, 2010), and a sample from the island of Puerto Rico (Clarence C 
Gravlee & Dressler, 2005). Participants were asked to indicate the degree that they 
perceived adverse situations as stressful during their pregnancy on a 5-point Likert-type 
scale that ranged from 1 (Never) to 5 (Very often). The score of this scale is a continuous 
variable. Because stress is a subjective psychological process, it is important to measure 
the degree to which adverse situations in one’s life are perceived or evaluated as stressful, 
in addition to objective events (e.g., major stressful life events) (Cohen, Kamarck, & 
Mermelstein, 1983). These data were intended for examining a possible relationship 
between perceived general stress during pregnancy and the birth outcomes under study.  
The Prenatal life events scale (PLES) 
The Prenatal Life Events Scale (PLES) was used to measure various non-
pregnancy-specific adverse life events experienced during pregnancy (n = 63, range 0 to 
20, mean = 3.35, SD = 2.237, α = 0.508). The author provided a non-validated Spanish 
version of the scale, and Arroyo and Vázquez-Otero adapted it to Puerto Rican Spanish. 
This scale includes a wider variety of events that are not pregnancy-specific, such as 
moving, issues with interpersonal relationships, and a natural disaster. Participants (a) 
indicated whether any adverse events happened to them or to close individuals (family or 
friend) during their pregnancy and (b) evaluated how negative each event was in case it 
had occurred using a 4-point scale (Lobel, 1996b). The score of this scale is a continuous 
variable. These data were intended for examining a possible relationship between non-
pregnancy-specific adverse life events experienced during pregnancy and the birth 
outcomes under study. 
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The Revised Prenatal Distress Questionnaire (NuPDQ) 
The Revised Prenatal Distress Questionnaire (NuPDQ) was used for measuring 
pregnancy-specific stressors (n = 65, range 0 to 19, mean = 5.77, SD = 4.952, α = 0.847). 
This scale has been previously used with a sample of which 66% was composed of Latina 
women from Colorado (Coussons-Read et al., 2012). Given that pregnancy is a unique 
experience, it was deemed important to examine pregnancy-related stressors experienced 
during pregnancy. An example item is “Did you feel bothered, upset, or worried during 
your pregnancy about feeling tired and having low energy?” The final score was calculated 
by averaging scores obtained from all items (Lobel, 1996a; Lobel et al., 2008). The score 
of this scale is a continuous variable. These data were intended for examining a possible 
relationship between pregnancy-specific stress and the birth outcomes under study. 
The Job Content Questionnaire (JCQ)  
The Job Content Questionnaire (JCQ) is one of the most frequently used scales in 
psychosocial job stress research. This scale has been validated with a sample of Mexican 
women (Cedillo & Karasek, 2003), and with a sample of Colombian female and male 
workers (Gómez Ortiz, 2011). Four subscales that are of relevance to the current study 
were included: decision latitude [e.g., My job allows me to make a lot of decisions on my 
own] (n = 31, range 38 to 90, mean = 24.83, SD = 5.300, α = 0.757), which consisted of 
skill discretion and decision authority; psychological job demands [e.g., My job requires 
working very fast] (n = 42, range 12 to 46, mean = 13.10, SD = 3.003, α = 0.582); and job 
insecurity [e.g., My job security is good] (n = 42, range 2 to 16, mean = 3.523, SD = 1.565, 
α = 0.622). Response options ranged from 1 (Strongly disagree) to 4 (Strongly agree). 
Scores for job control, psychological job demands, and job insecurity were calculated along 
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with formulae provided by the authors (Karasek et al., 1998). The score of this scale is a 
continuous variable. These data were intended for examining a possible relationship 
between job-related stress experienced during pregnancy and the birth outcomes under 
study. Forty-two (62.7%) participants worked during pregnancy and twenty-five did not. 
The Latin American household food security measurement scale (Escala 
Latinoamericana y Caribeña de Seguridad Alimentaria; ELCSA) 
ELCSA is an instrument that measures household food security, and nutrition-
related stressors. Food security can be defined as having physical, social, and economic 
access to sufficient, safe, and nutritious food, which meets their dietary needs and food 
preferences for an active and healthy life (FAO, 1996). The ELCSA instrument, like other 
experience-based measures of food security, has the advantage of directly measuring the 
impact of the lack of access to foods, rather than deriving measures from national food 
availability, household expenditures, dietary intakes, or anthropometry (Pérez-Escamilla 
& Segall-Corrêa, 2008). The instrument has been subjected to a number of validation 
studies and performs with excellent reliability in a range of settings (Álvarez-Uribe, 
Estrada-Restrepo, & Fonseca-Centeno, 2010; Melgar-Quiñonez et al., 2010; Muñoz-
Astudillo, Martínez, & Quintero, 2010). The ELCSA contains 15 brief questions--eight 
that query the food situation as it pertains to adults in the house (n = 66, range 0 to 7, mean 
= 0.91, SD = 1.643, α = 0.655), and an optional seven questions that query the food 
situation as it pertains to children or adolescents, if present (n = 33, range 0 to 7, mean = 
1.03, SD = 1.510, α = 0.614).  Using the scale, households can be assigned to four 
categories: food secure, and mildly, moderately or severely food insecure. The scale results 
(0-8, or 0-15) can be analyzed as ordinal or continuous in various correlation. These data 
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were intended for examining a possible relationship between food insecurity during 
pregnancy and the birth outcomes under study. 
Other Stressors 
This section was designed by Arroyo for collecting data on stressors and stressful 
events during pregnancy. The stressors and stressful events in this section are not covered 
by the validated scales that have been integrated into the Mothers’ questionnaire. Stressors 
include relationship conflicts, taking care of a sick or injured close one, financial problems, 
abuse and harassment, involvement in civil legal disputes, citizenship status, and violence 
in the community. The score of this scale is a continuous variable. These data were intended 
for examining possible relationships between stressors experienced during pregnancy, that 
were not covered by the validated scales, and the birth outcomes under study. 
Discrimination 
This section developed by Arroyo, consists of a Likert scale designed for measuring 
the amount of discrimination experienced during pregnancy. This scale specifically asked 
about discrimination due to ethnicity, “race”, gender, pregnancy, social class, position or 
type of job, sexual orientation, religious beliefs; and about “any other kind of 
discrimination” that participants could have experienced during pregnancy (n = 65, range 
0 to 36, mean = 1.31, SD = 5.193, α = 0.961). The section was created for measuring types 
of discrimination that are not covered by the validated scales incorporated to the 
questionnaire. The score of this scale is a continuous variable. These data were intended 
for examining a possible relationship between discrimination experienced during 
pregnancy and the birth outcomes under study.  
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Top Five Stressors  
This section designed by Arroyo, allowed the participants to free-list and rank their 
top five stressors experienced during pregnancy, and rate the severity of each one on a 
Likert scale. This section also asked for the timing and duration of these top stressors during 
pregnancy. The section was developed in order to provide participants with the opportunity 
and space for reporting stressors that may not be covered by other parts of the 
questionnaire. The score of this scale is a continuous variable. These data were intended 
for examining possible relationships between individual top stressors experienced during 
pregnancy and the birth outcomes under study. 
Socio-demographic Questions 
This section was developed by Arroyo for assessing maternal socioeconomic status 
during pregnancy, and also includes items on relevant socio-demographic data from the 
mother and father of the baby. Only mothers were asked to answer the questionnaire, but 
fathers present in the room might have contributed by answering paternal socio-
demographic questions. Therefore, the question about “self-identified father ethnicity” 
might have been answered by the father or it might have been answered by the participant 
mother. In this sense, the responses might be a mixture of the fathers’ self-identified 
ethnicities and how the participant mothers think that the fathers of the babies self-identify 
their ethnicity. These data were intended for examining possible relationships between 
socioeconomic and socio-demographic factors during pregnancy and the birth outcomes 
under study. 
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Medical Record Data Extraction Sheet 
This sheet was used by USF study staff for collecting data from the medical records 
of the mothers and their babies. This instrument was created to confirm participant 
eligibility for the study, for gathering clinical data of the mother during pregnancy, and 
clinical data of the baby. The mothers were asked if they met the all the inclusion criteria 
and if they met any of the exclusion criteria during recruitment. However, the first and 
second section of this instrument includes the inclusion criteria and exclusion criteria, in 
order for the researchers to verify and confirm this information with the medical records. 
This is of extreme importance, as each criterion included may affect birth weight, birth 
term, and other health outcomes of the baby. Therefore, verifying and confirming the 
inclusion and exclusion criteria from a clinical source, reduced confounders in the data. 
The third section was intended for the collection of clinical data of the mother during her 
pregnancy, and not for determining her inclusion or exclusion in the study. The factors 
covered in this section are important for the study because they may have an effect on the 
baby’s birth and health outcomes. The fourth section was designed to collect the birth and 
health outcomes of the baby, including birth-weight and birth-term, in order to test the 
hypotheses of the study. 
Ethical Considerations 
This study inquired information about socio-ecological stressors that include 
racism and other forms of discrimination, abuse, social inequality, and adverse 
events/experiences during pregnancy. These negative memories may have evoked feelings 
of distress. However, asking participants to recall their past experiences is considered as 
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the best way of retrospectively assessing stress levels during pregnancy and evaluating its 
possible relationship with birth and health outcomes of the offspring. 
Engaging in memory recollection of some of these stressful events may have been 
perceived as unpleasant. For this reason, all participants read an informed consent form 
and were given time to make an informed decision prior to any data collection. 
Nonetheless, it is possible that topics or details arise, which might have been considered as 
private or secret by some participants. Therefore, the participants were free to leave any 
question unanswered if the question involved information that they did not wanted to share. 
In addition, participants are free to quit their participation at any time they desire, without 
the need of providing any kind justification to the researchers. 
The researchers were available for answering any question and for providing 
information about sources for counseling or assistance, if it were requested by the 
participant. Participants who were hospitalized (in the Maternity Ward) were eligible to 
receive services from the Social Work Department of HIMA Caguas. If any non-
hospitalized participant were to require assistance they would have been directed to the 
Substance Abuse and Mental Health Services Administration (SAMHSA). SAMHSA’s 
contact information was also be included in the informed consent of the participant 
mothers. “SAMHSA's Treatment Referral Routing Service is a confidential, free, 24-hour-
a-day, 365-day-a-year, information service, in English and Spanish, for individuals and 
family members facing substance abuse and mental health issues. This service provides 
referrals to local treatment facilities, support groups, and community-based organizations. 
Callers can also order free publications and other information in print on substance abuse 
and mental health issues.” Individuals who might have requested assistance would have 
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been prompted by the researchers to call 1-800-662-HELP (4357) or visit the online 
treatment locator at http://samhsa.gov/treatment. None of this was necessary as no incident 
occurred.  
With regards to ethical approval, this study was first submitted to and approved by 
the Universidad Central del Caribe’s Institutional Review Board (UCC IRB). After 
obtaining approval from UCC IRB, the study was submitted to and approved by the 
University of South Florida’s Institutional Review Board (USF IRB). 
Timeline and Evaluation Plan 
Research Activities Time Frame Outputs and Outcomes 
Evaluation 
Surveys development. Preparation 
of consent forms. Translation of 
documents. 
Jan. – Feb. 
2012 
Finalized, piloted instruments 
ready for IRB submission. 
IRB submission, waiting time for 
approval. 
Mar. – June 
2012 
IRB Approval prior to set departure 
date. 
Data collection: Review of 
medical records and questionnaire 
administration. 
July– Aug. 
2012 
Sampling and data collection phase. 
Sample size of 67 achieved. 
Mid report due. July 2012 Report written, presented to 
Graduate School. 
Analysis Phase: Data entry and 
analysis. Work on and finish 
thesis. 
Aug. – Oct. 
2012 
Analysis complete and ready to be 
incorporated into final reports.  
Dissemination: Write final report 
and presentation 
Nov. – Dec. 
2012 
Final report written and presented 
to Graduate School. 
Thesis requirement for graduation. Jan. – June 
2013 
Submit thesis to committee and get 
approval. 
Publication. July - Dec 
2013 
Write for publication. 
Graduation July 2013 Graduation 
Dissemination: Written report and 
presentation of findings to 
stakeholders in Puerto Rico. 
July – Dec 
2013 
Provide written report and present 
findings to stakeholders in Puerto 
Rico. 
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Detailed Budget and Justification 
Item Justification Cost 
Office Supplies  (notepads, 
pens, pencils, clipboard) 
Items necessary to conduct the 
questionnaires 
$150 
Printing for surveys Surveys were printed for 
administration.  
$250 
Airfare 2 students to Puerto 
Rico  
Two researchers traveled to PR for the 
data collection.   
$400 x 2= $800 
In-country transportation, fuel For in-country traveling for the data 
collection, car and fuel for 8 weeks 
$1,840 
 
Participant incentives  112 survey participants @$15 each, 14 
interview participants @ $20 each. 
$1,960 
 
TOTAL 
  
$5,000.00 
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Chapter Three: Statistical Analysis and Results 
Bonferroni’s correction 
 A Bonferroni correction test was performed in order to control the overall type I 
error rate, due to 482 significance tests carried out during data analysis. After dividing the 
α-level of 0.05 by 482, the resulting α-level was 0.000103734. Under this statistical 
restriction, the mean differences in “Top Stressors score,”, number of stressors, number of 
months of stress, and “Other Stressors score” between mothers exposed and non-exposed 
to any stressor during the 5th, 6th and 7th month of pregnancy remained significant. Mean 
differences in PSS, PLES, and NuPDQ also remained significant between the exposed and 
non-exposed during month 7. No other statistical test produced a significant p-value under 
the Bonferroni α-level. In this sense, all tests that produced significant results, except for 
the previously mentioned, did not remain significant after the Bonferroni’s correction test. 
Testing for normality 
Shapiro-Wilk tests were used to test for normality of the birth outcomes, which are 
continuous quantitative variables (birth-weight, ponderal index, birth-term, and weight for 
gestational age). After excluding M3, who was an outlier, birth-weight became normally 
distributed. The normality tests indicated that birth-weight (S-W = 0.967, df = 67, p = 
0.073) and ponderal Index (S-W = 0.970, df = 67, p = 0.109) data are normal, while birth-
term (S-W = 0.947, df = 67, p = 0.007) and weight for gestational age (S-W = 0.902, df = 
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66, p = 0.00) were not. All the statistical analyses in this study were carried out without 
M3. 
Hypothesis #1 
Stress Scores from Scales 
The first aim of this study was to determine if high levels of self-reported maternal 
stress during pregnancy is associated with 1) LBW and 2) PTB. Maternal stress was 
expected to be negatively correlated to birth-weight and birth-term. Contrary to 
expectations, no significant correlation was found between any of the stress scores from 
any of the stress scales and birth-weight, birth-term, percentiles of weight for gestational 
age, or ponderal index (Appendix Tables A1-A6).  
Only two participants could be categorized as LBW and five as PTB. Consequently, 
no mean comparisons could be performed between categories of normal vs. LBW, or 
normal-term vs. PTB. Quartile categories of ponderal index were not found to have 
differences in the means of stress scores from PSS (x2 = 2.167, df = 3, p = 0.538), PLES 
(x2 = 0.255, df = 3, p = 0.968), NuPDQ (x2 = 2.211, df = 3, p = 0.530), JCQ (x2 = 1.771, df 
= 3, p = 0.621), Others (x2 = 4.634, df = 3, p = 0.201), and Discrimination (x2 = 3.745, df = 
3, p = 0.290). 
Top Stressors Score 
The Top Stressors Score (S-W = 0.848, df = 67, p = 0.000) is a continuous variable 
that was tested for normality using a Shapiro-Wilk test, and it was found to be non-
normally-distributed. Correlations between birth-weight, birth-term, weight for gestational 
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age, ponderal index, and the Top Stressors Score were not significant (Appendix Table 
A7). 
Correlations between birth-weight (rs = 0.157, n = 67, p = 0.204), birth-term (rs = 
0.102, n = 67, p = 0.412), weight for gestational age (rs = 0.073, n = 67, p = 0.562), ponderal 
index (rs = 0.067, n = 67, p = 0.592), and the number of stressors experienced were not 
significant. No significant correlations were found between number of months exposed to 
stressors and birth-weight (rs = 0.131, n = 67, p = 0.291), birth-term (rs = 0.006, n = 67, p 
= 0.964), weight for gestational age (rs = 0.068, n = 67, p = 0.588), or ponderal index (rs = 
0.119, n = 67, p = 0.338). 
Individual Months of Exposure to any Stressor 
Women were divided into two groups: 1. Exposed to any stressor, and 2. Not 
exposed to any stressor for each month of pregnancy. The purpose of this was to determine 
if the groups differed for the quantitative variables (birth-weight, birth-term, weight for 
gestational age, and ponderal index). A Mann-Whitney U Test found no statistical 
differences in birth-term and weight for gestational age during any month of pregnancy. 
Independent samples t-tests showed that there were no statistical differences during months 
1-4 and 8-10, for birth-weight and ponderal index. However, mothers exposed to any 
stressor during the 5th (Table 1), 6th (Table 2), and 7th (Table 3) month of pregnancy, in 
comparison with the non-exposed, experienced significantly higher stress scores in the 
following stress measurements: “Top Stressors Score,”, “Stressor number,”, “Months of 
stress,”, “PSS,”, “PLES,”, “NuPDQ,”, and “Other Stressors”. In addition, mothers exposed 
to stressors during the 5th, 6th, and 7th month of pregnancy delivered babies with a 
significantly higher ponderal index than non-exposed mothers (Table 4).  
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Table 1: Mean differences in stress scores between mothers exposed and non-exposed to 
any stressor during the 5th month of pregnancy 
 Exposed 
N=23 
Non-exposed 
N=44 
t df p Mean SD SEM Mean SD SEM 
Top 
Stressors 
Score 
8.65 5.55 1.159 3.18 4.45 .67 4.085† 37.110 .000 
# of 
Stressors 
2.83 1.75 .365 1.00 1.41 .21 4.323† 37.372 .000 
# Months 
of Stress 
6.43 2.71 .565 1.3 1.86 .28 8.220† 33.097 .000 
PSS .50 .94 .196 -.24 .94 .14 3.064* 65 .003 
PLES .46 1.04 .217 -.25 .91 .14 2.860* 65 .006 
NuPDQ .57 1.23 .256 -.29 .73 .11 3.100† 30.258 .004 
Other 
Stressors 
.65 1.08 .226 -.33 .78 .12 4.287* 65 .000 
            SD Standard Deviation; SEM Standard Error of the Mean 
            *Equal variances assumed  †Equal variances not assumed 
 
 
Table 2: Mean differences in stress scores between mothers exposed and non-exposed to 
any stressor during the 6th month of pregnancy 
 Exposed 
N=24 
Non-exposed 
N=43 
t df p Mean SD SEM Mean SD SEM 
Top Stressors 
Score 
8.54 5.46 1.12 3.12 4.48 .68 4.149* 65 .000 
# of Stressors 2.79 1.72 .35 0.98 1.42 .22 4.400† 40.686 .000 
# Months of 
Stress 
6.38 2.67 .54 1.16 1.79 .272 8.563† 34.750 .000 
PSS .49 .92 .19 -.25 .95 .14 3.111* 65 .003 
PLES .45 1.02 .21 -.26 .92 .14 2.908* 65 .005 
NuPDQ .56 1.20 .24 -.31 .72 .11 3.252† 32.583 .003 
Other Stressors .61 1.08 .22 -.33 .79 .12 4.112* 65 .000 
SD Standard Deviation; SEM Standard Error of the Mean 
*Equal variances assumed  †Equal variances not assumed 
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Table 3: Mean differences in stress scores between mothers exposed and non-exposed to 
any stressor during the 7th month of pregnancy 
 Exposed 
N=24 
Non-exposed 
N=43 
t df p Mean SD SEM Mean SD SEM 
Top Stressors 
Score 
9.22 5.36 1.12 2.89 4.17 .63 4.939† 36.245 .000 
# of Stressors 2.96 1.67 .35 .93 1.37 .21 5.329* 65 .000 
# Months of 
Stress 
6.96 2.23 .46 .98 1.25 .19 11.941† 29.421 .000 
PSS .60 .86 .18 -.29 .93 .14 3.802* 65 .000 
PLES .58 .95 .20 -.31 .91 .14 3.762* 65 .000 
NuPDQ .61 1.10 .23 -.32 .79 .12 3.969* 65 .000 
Other Stressors .56 .99 .21 -.28 .90 .14 3.498* 65 .001 
SD Standard Deviation; SEM Standard Error of the Mean 
*Equal variances assumed  †Equal variances not assumed 
 
Table 4: Mean differences in ponderal index between exposed and non-exposed to any 
stressor during the 5th, 6th, and 7th month of pregnancy 
Exposure 
to any 
stressor 
in… 
Exposed Non-exposed 
t df p 
n Mean SD SEM n Mean SD SEM 
   5th 
month 
23 
2.40 .34 .07 44 2.21 .27 .04 2.51* 65 .015 
   6th 
month 
24 
2.39 .33 .07 43 2.21 .27 .04 2.45* 65 .017 
   7th 
month 
23 
2.38 .35 .07 44 2.22 .26 .04 2.04* 65 .045 
SD Standard Deviation; SEM Standard Error of the Mean 
*Equal variances assumed  †Equal variances not assumed 
 
Top Stressors during Pregnancy 
The most frequent stressors experienced amongst the participant mothers (n=67) 
during pregnancy were the following: "financial difficulties" (14.9%), "health problems" 
(14.9%), "job stressors" (11.9%), “transportation” (11.9%), “death of relative” (11.9%), 
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“children at home” (9%), "relationship stress" (7.5%), “family approval and conflict” 
(7.5%) “moving, traveling, not seeing a close one” (6%), “worry about baby’s health” 
(6%), “worry about delivery” (6%), “body appearance and appetite” (6%), and “bad mood” 
(3%). 
Exposure to Top Stressors  
The participants were divided into groups, depending on whether they were 
exposed or not to the top stressors.  A Mann-Whitney U test revealed significant differences 
in birth-term between the babies of both groups for “financial difficulties,”, Babies from 
mothers exposed to “financial difficulties” were born on average at an earlier gestational 
age than the babies from the mothers who were not exposed to “financial difficulties” 
(Table 5). 
Table 5: Differences in mean ranks of birth outcomes between exposed and non-exposed 
to financial difficulties 
 
Exposed 
 
Non-exposed 
 
U Z P 
Mean 
Rank 
Mean n 
Mean 
Rank 
Mean n 
Birth-Term 22.95 265.10 10 35.94 269.60 57 174.50 -1.965 0.049 
Birth-
Weight 
35.65 3169.50 10 33.71 3114.75 57 268.50 -0.290 0.771 
Weight for 
Gestational 
Age 
40.22 65.56 9 32.44 54.74 57 196 -1.179 0.238 
Ponderal 
Index 
41.50 2.42 10 32.68 2.25 57 210 -1.320 0.187 
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A Mann-Whitney U test showed that differences in the means of ponderal index 
were statistically significant between babies of participant mothers exposed and babies of 
participant mothers not exposed to “relationship stress,”. Babies from mothers exposed to 
“relationship stress” had on average a higher ponderal index than the babies from the 
mothers who were not exposed to “relationship stress” (Table 6).  
 
Table 6: Differences in means of birth outcomes between exposed and non-exposed to 
relationship stress 
 
Exposed 
 
Non-exposed 
 U Z p 
Mean 
Rank 
Mean 
n 
Mean 
Rank 
Mean 
N 
Birth-Term 32.80 269.20 5 34.10 268.90 62 149 -0.145 0.885 
Birth-
Weight 
40.90 3223.40 5 33.44 3114.82 62 120.50 -0.823 0.410 
Weight for 
Gestational 
Age 
42.40 68.00 5 32.77 55.25 61 108 -1.125 0.261 
Ponderal 
Index 
51.70 2.55 5 32.57 2.25 62 66.50 -2.112 0.035 
 
A Mann-Whitney U test showed that differences in the means of ponderal index 
were statistically significant between the babies of mothers exposed and mothers not 
exposed to “moving, traveling, not seeing a close one.”. Babies from mothers exposed had 
on average a lower ponderal index than the babies from the mothers who were not exposed 
(Table 7). 
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Table 7: Differences in means of birth outcomes between exposed and non-exposed to  
 “moving, traveling, not seeing a close one” 
 
Exposed 
 
Non-exposed 
 U Z p 
Mean 
Rank 
Mean n 
Mean 
Rank 
Mean n 
Birth-Term 41.50 271.75 4 33.52 268.75 63 96 -0.802 0.422 
Birth-
Weight 
17.88 2849.25 4 35.02 3140.30 63 61.50 -1.708 0.088 
Weight for 
Gestational 
Age 
16.38 33.75 4 34.60 57.66 62 55.50 -1.920 0.055 
Ponderal 
Index 
14.88 1.99 4 35.21 2.29 63 49.50 -2.025 0.043 
 
Hypothesis #2 
The second aim of this study was to determine if maternal low SES during 
pregnancy is associated with 1) LBW and 2) PTB. Maternal SES was expected to be 
positively correlated to birth-weight and birth-term. A Spearman’s test was used to test for 
correlation between income and birth outcomes (birth-weight, birth-term, weight for 
gestational age and ponderal index). Kruskal-Wallis tests were performed in order to 
compare means of birth-weight, birth-term, weight for gestational age and ponderal index, 
between categories of housing, social class, education, health insurance and income. No 
statistical differences or correlations were found between the before mentioned SES 
variables and any of the birth outcomes. 
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Self-Identified Ethnicity, Birth-Weight and Ponderal Index 
Birth-weight and ponderal index means between categories of self-identified 
mother ethnicity were not found to be significant. However, differences in birth-weight 
and ponderal index means were found to be statistically significant between categories of 
self-identified father ethnicity. Kruskal-Wallis tests revealed that babies from fathers self-
identified as “Hispanic” had significantly higher birth-weight than babies from fathers self-
identified as “Puerto Rican” and “White” (Table 8). Babies from fathers self-identified as 
“Hispanic” also had a significantly higher ponderal index than babies from fathers self-
identified as “Mix/Black” and “Not Know”; and babies from fathers self-identified as 
“Puerto Rican” had a higher ponderal index than the babies from fathers self-identified as 
“Mix/Black” (Table 8).  
A Bonferroni correction test was performed in order to control the overall type I 
error rate, due to 15 significance tests carried out between 6 categories of father’s ethnicity. 
After dividing the α-level of 0.05 by 15, the resulting α-level was 0.0033. Under this 
statistical restriction, only the mean differences in birth-weight between “Hispanic” and 
“White” remained significant. 
Table 8: Birth-weight and ponderal index differences between categories of fathers’ self-
identified ethnicity 
 Ethnicity 1* 
 
Ethnicity 2* 
 
x2 p Category n Mean Category n Mean 
Birth 
Weight 
Hispanic 17 3313.59 
Puerto 
Rican  
17 3063.47 5.98 0.014 
Hispanic 17 3313.59 White 7 2747.86 10.73 0.001 
Ponderal 
Index 
Hispanic 17 2.387 Mix/Black 4 1.979 4.62 0.032 
Hispanic 17 2.387 Not know 7 2.10 4.00 0.045 
Puerto Rican 17 2.29 Mix/Black 4 1.979 5.22 0.022 
*Kruskal-Wallis tests for mean comparisons between ethnicity categories. 
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Gestational Age at Birth and Ethnicity Perceived by Others 
Categories of how the mother perceives that other individuals classify her ethnicity 
did not show statistical differences in birth-term means. However, the perception of how 
others classify the father’s ethnicity showed significant differences in birth-term between 
certain categories. Kruskal-Wallis tests revealed that babies from fathers classified by 
others as “White” were born significantly earlier than babies from fathers classified by 
others as “American”, “Mix/Black”, and “Not Know”. Babies from fathers classified by 
others as “Hispanic” and “Puerto Rican” were born significantly earlier than babies from 
fathers classified by others as “Not Know”; and babies from fathers classified by others as 
“Puerto Rican” were born significantly earlier than babies from fathers classified by others 
as “Mix/Black” (Table 9).  
A Bonferroni correction test was performed in order to control the overall type I 
error rate, due to 15 significance tests carried out between 6 categories of father’s ethnicity 
as classified by others. After dividing the α-level of 0.05 by 15, the resulting α-level was 
0.0033. Under this statistical restriction, none of the mean differences between the 
categories of father’s ethnicity as classified by others remained significant. 
Table 9: Results of a Kruskal-Wallis test testing birth-term differences between 
categories of fathers’ ethnicity as classified by others 
 Ethnicity 1* Ethnicity 2* 
x2 p Category n Mean Category n Mean 
Birth-Term 
White 6 259.33 American 8 271.13 5.24 0.022 
White 6 259.33 Not know 14 271.86 6.55 0.010 
White 6 259.33 Mix/Black 2 278 4.20 0.040 
Puerto Rican 4 264.25 Mix/Black 2 278 3.87 0.049 
Puerto Rican 4 264.25 Not know 4 271.86 4.74 0.030 
Hispanic 14 265.64 Not know 14 271.86 8.23 0.004 
*Kruskal-Wallis tests for mean comparisons between ethnicity categories. 
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Hypothesis #3  
The third aim of this study was to determine if food insecurity during pregnancy is 
associated with 1) LBW and 2) PTB. Food insecurity was expected to be negatively 
correlated to birth-weight and birth-term. The food insecurity scale ELCSA, is designed in 
a way that mothers from households with children answer fifteen items, whereas mothers 
from households without children only answer nine. Therefore, scores from households 
with children and households without children cannot be combined, averaged or compared. 
ELCSA scores of mothers with children at home and from mothers without children at 
home were tested separately for correlation with birth outcomes. 
No household with children was food secure, whereas 66% of the households 
without children were food secure. Thirty four of the thirty five households with children 
were mildly food insecure, only three households from the total sample were moderately 
food insecure, and no household was found to be severely food insecure. Households with 
children were more food insecure than households without children (Table 10). 
 
Table 10: Prevalence of food insecurity by category, in households with and without 
children 
 
Households with children 
N=35 
Households without 
Children 
N=32 
Food Security Level # % # % 
Food Secure 0 - 21 66% 
Mild food insecurity 34 97% 9 28% 
Moderate food insecurity 1 3% 2 6% 
Severe food insecurity 0 - 0 - 
Households with children are asked 15 questions, households without children are asked 9 questions 
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A Spearman’s correlation test showed no significant correlation between birth-
weight, birth-term, weight for gestational age, or ponderal index and food insecurity scores, 
amongst mothers from households without children. Within the group of mothers with 
children at home, no significant correlation was found between birth-weight, birth-term, 
weight for gestational age, or ponderal index and food insecurity score (Appendix Table 
A8).  
Mann-Whitney tests showed no significant differences between households with 
and without children, in birth-weight, birth-term, weight for gestational age, and ponderal 
index (Appendix Table A9). However, both a Spearman’s correlation test and a Kendall 
rank correlation coefficient test found positive significant correlations between food 
insecurity scores and the PSS, NuPDQ, Other Stressors and Discrimination scores (Table 
11). 
 
Table 11: Correlations between ELCSA and stress scales’ scores 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t P 
ELCSA 
Score 
Top Stressors 
Score 
0.194 0.115 0.152 0.123 
PSS 0.348 0.004 0.273 0.004 
PLES 0.185 0.133 0.142 0.144 
NuPDQ 0.366 0.002 0.276 0.004 
JCQ -0.067 0.590 -0.054 0.587 
Other 
Stressors 
0.373 0.002 0.316 0.002 
Discrimination 0.341 0.005 0.303 0.006 
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A Kruskal-Wallis test revealed that mothers with children at home had significantly 
higher stress levels on the Other Stressors scale, than mothers who did not have children at 
home (Table 12).  
Table 12: Mean differences in Other Stressors Score between households with and 
without children 
 
Households with 
Children 
 
Households without 
Children 
   
n Mean Rank n Mean Rank x2 P 
Other 
Stressors 
Score 
35 37.97 32 28.77 4.020 0.045 
 
Amongst the women with children at home, both Spearman and a Kendall 
correlation tests found ELCSA scores to be significantly correlated with NuPDQ and Other 
Stressors scores.  Only the Spearman test found a significant negative correlation between 
ELCSA and JCQ scores (Table 13).  
Table 13: Correlations between ELCSA Score and stress scales’ scores among 
households with children 
  
 
Spearman’s Correlation 
(n = 35) 
 
Kendall’s tau 
(n = 35) 
Scale rs p t P 
ELCSA 
Score 
PSS 0.248 0.157 0.186 0.171 
PLES 0.143 0.419 0.116 0.400 
NuPDQ 0.366 0.033 0.284 0.041 
JCQ -0.340 0.049 -0.276 0.054 
Other Stressors 0.458 0.006 0.391 0.007 
Discrimination 0.275 0.115 0.246 0.116 
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In contrast, amongst women without children at home, both Spearman and Kendall 
correlation tests found ELCSA scores to be significantly correlated with the scores of PSS 
and Discrimination. Only the Spearman test found a significant correlation between 
ELCSA and NuPDQ scores (Table 14). 
Table 14: Correlations between ELCSA Score and other stress scales among households 
without children 
  
 
Spearman’s Correlation 
(n = 32) 
 
Kendall’s tau 
(n = 32) 
Scale rs p t P 
ELCSA 
Score 
PSS 0.352 0.048 0.293 0.043 
PLES 0.143 0.434 0.110 0.455 
NuPDQ 0.350 0.049 0.265 0.066 
JCQ 0.154 0.399 0.127 0.390 
Other Stressors 0.295 0.101 0.248 0.113 
Discrimination 0.413 0.019 0.375 0.024 
 
A Kruskal-Wallis test found no significant differences between the different 
categories of food insecurity in birth-weight (x2 = 1.312, n = 67, p = 0.519), birth-term (x2 
= 0.884, n = 67, p = 0.643), weight for gestational age (x2 = 1.542, n = 67, p = 0.462), and 
ponderal index (x2 = 0.580, n = 67, p = 0.748). The mildly and moderately food insecure 
were categorized together and compared with the food secure. No significant difference 
was found in birth-weight (x2 = 0.638, n = 67, p = 0.424), birth-term (x2 = 0.409, n = 67, p 
= 0.523), weight for gestational age (x2 = 1.542, n = 67, p = 0.214), and ponderal index (x2 
= 0.563, n = 67, p = 0.453) between the food secure and the food insecure. 
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However, a Kruskal-Wallis test revealed that the food insecure women had 
significantly higher PSS stress scale and Other Stressors scores, in comparison with the 
food secure (Table 15).  
 
Table 15: Mean differences in stress scale scores between food secure and food insecure 
households 
 
Food Insecure 
(n = 45) 
 
Food Secure 
(n = 22) 
   
Mean Rank Mean Rank x2 P 
PSS 38.24 23.33 8.681 0.003 
PLES 36.09 27.95 2.617 0.106 
NuPDQ 34.09 32.24 0.134 0.714 
JCQ 33.38 33.76 0.006 0.938 
Other Stressors 37.52 24.88 6.606 0.010 
Discrimination 34.90 30.50 2.114 0.146 
 
 
Both Spearman and Kendall tests found that amongst the food insecure, ELCSA 
score was significantly correlated with the NuPDQ, Other Stressors, and Discrimination 
scores (Table 16). Food secure individuals have a score of 0 in ELCSA, thus correlation 
between ELCSA and the stress scales could not be tested within the food secure 
individuals. A Kendall’s test found maternal age at birth to be negatively correlated with 
ELCSA score (Table 17). The younger the women were at delivery, the higher the food 
insecurity score. 
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Table 16: Correlations between ELCSA Score and other stress scales among food 
insecure households 
  
 
Spearman’s Correlation 
(n = 45) 
 
Kendall’s tau 
(n = 45) 
Scale rs p t p 
ELCSA 
Score 
PSS 0.225 0.138 0.168 0.138 
PLES 0.059 0.699 0.036 0.751 
NuPDQ 0.528 0.000 0.378 0.001 
JCQ -0.071 0.642 -0.057 0.629 
Other Stressors 0.326 0.029 0.269 0.026 
Discrimination 0.323 0.030 0.276 0.033 
 
 
Table 17: Correlation between maternal age at birth and ELCSA score 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t p 
Maternal 
age at 
birth 
ELSCA score -0.232 0.058 -0.188 0.050 
 
Maternal Factors and Birth Outcomes 
Maternal Anthropometrics and Birth Outcomes 
Spearman and Kendall’s tests revealed that birth-weight was positively correlated 
with maternal stature. A Kendall test found that birth-weight was positively correlated with 
maternal weight before giving birth (Appendix Table A10). One-tailed Spearman and 
Kendall’s tests revealed that week of gestation at birth were positively correlated with 
maternal BMI before giving birth (Appendix Table A11). As weeks of pregnancy increase, 
maternal BMI also increases.  
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Kruskal-Wallis tests were performed to determine if women who were exposed to 
stressors during months 5, 6, and 7 differed in anthropometric measurements from those 
who did not. No differences in maternal stature, weight or BMI were found between the 
exposed and non-exposed to stressors during the 5th, 6th, or 7th month of pregnancy (Tables 
18-20).  
Table 18: Mean differences in anthropometric measurements between women exposed 
and non-exposed to any stressor during 5th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 28.57 36.84 2.768 0.096 
Weight before 
giving birth 
30.59 35.78 1.075 0.300 
BMI before 
giving birth 
31.98 35.06 0.380 0.538 
 
 
Table 19: Mean differences in anthropometric measurements between women exposed 
and non-exposed to any stressor during 6th month of pregnancy 
 
Exposed 
(n = 24) 
 
Non-exposed 
(n = 43) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 28.06 37.31 3.527 0.060 
Weight before 
giving birth 
31.48 35.41 0.626 0.429 
BMI before 
giving birth 
33.04 34.53 0.091 0.763 
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Table 20: Mean differences in anthropometric measurements between women exposed 
and non-exposed to any stressor during 7th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 28.54 36.85 2.790 0.095 
Weight before 
giving birth 
32.15 34.97 0.315 0.575 
BMI before 
giving birth 
34.09 33.95 0.001 0.979 
 
Kruskal-Wallis tests were performed to determine if women who were exposed to 
“financial difficulties,”, “relationship conflict,”, and “moving, traveling not seeing 
someone” differed in anthropometric measurements from those who were not. No 
differences in maternal stature, weight, or BMI were found between the exposed and non-
exposed to “financial difficulties” (Table 21), “relationship conflict” (Table 22), or 
“moving, traveling not seeing someone” (Table 23). 
 
Table 21: Mean differences in anthropometric measurements between women exposed 
and non-exposed to “financial difficulties” at any time during pregnancy 
 
Exposed 
(n = 10) 
 
Non-exposed 
(n = 57) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 29.15 34.85 0.740 0.390 
Weight before 
giving birth 
30.85 34.55 0.307 0.579 
BMI before 
giving birth 
31.80 34.39 0.151 0.698 
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Table 22: Mean differences in anthropometric measurements between women exposed 
and non-exposed to “relationship conflict” at any time during pregnancy 
 
Exposed 
(n = 5) 
 
Non-exposed 
(n = 62) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 36.40 33.81 0.083 0.773 
Weight before 
giving birth 
35.10 33.91 0.017 0.896 
BMI before 
giving birth 
37.30 33.73 0.156 0.693 
 
 
Table 23: Mean differences in anthropometric measurements between women exposed 
and non-exposed to “moving, traveling not seeing someone” at any time during 
pregnancy 
 
Exposed 
(n = 4) 
 
Non-exposed 
(n = 63) 
   
Mean Rank Mean Rank x2 p 
Maternal stature 32.25 34.11 0.035 0.852 
Weight before 
giving birth 
51.38 32.90 3.384 0.066 
BMI before 
giving birth 
50.13 32.98 2.934 0.087 
 
Maternal Age at Delivery and Birth Outcomes 
Spearman and Kendall’s tests revealed that maternal age at delivery was positively 
correlated with birth-weight and with weight for gestational age (Appendix Table A12). 
The older the age of the mother at delivery, the higher the birth-weight and weight for 
gestational age of the baby are likely to be. However, Spearman’s correlations found that 
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maternal age at delivery was not significantly correlated with any of the stress scores from 
any of the stress scales (Appendix Table A13). 
Kruskal-Wallis tests were performed to determine if women who were exposed to 
stressors during months 5, 6, and 7, and those who were not exposed differed in age at 
delivery. No significant differences in maternal age at delivery were found between the 
exposed and non-exposed to stressors during month 5 (Table 24), month 6 (Table 25), or 
month 7 (Table 26).  
 
Table 24: Mean differences in maternal age at delivery between women exposed and 
non-exposed to any stressor during the 5th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
34.80 33.58 0.060 0.806 
 
 
Table 25: Mean differences in maternal age at delivery between women exposed and 
non-exposed to any stressor during the 6th month of pregnancy 
 
Exposed 
(n = 24) 
 
Non-exposed 
(n = 43) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
34.92 33.49 0.083 0.773 
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Table 26: Mean differences in maternal age at delivery between women exposed and 
non-exposed to any stressor during the 7th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
36.87 32.50 0.765 0.382 
 
 
Kruskal-Wallis tests were performed to determine if women who were exposed to 
“financial difficulties,”, “relationship stress,”, and “moving, traveling not seeing someone” 
differed in age at delivery from those who were not. No significant differences in maternal 
age at delivery were found between the exposed and the non-exposed to “financial 
difficulties” (Table 27), “relationship stress” (Table 28), or “moving, traveling not seeing 
someone” (Table 29). 
 
 
Table 27: Mean differences in maternal age at delivery between women exposed and 
non-exposed to “financial difficulties” at any time during pregnancy 
 
Exposed 
(n = 10) 
 
Non-exposed 
(n = 57) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
33.30 34.12 0.015 0.902 
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Table 28: Mean differences in maternal age at delivery between women exposed and 
non-exposed to “relationship stress” at any time during pregnancy 
 
Exposed 
(n = 5) 
 
Non-exposed 
(n = 62) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
28.80 34.42 0.388 0.534 
 
Table 29: Mean differences in maternal age at delivery between women exposed and 
non-exposed to “moving, traveling not seeing someone” at any time during pregnancy 
 
Exposed 
(n = 4) 
 
Non-exposed 
(n = 63) 
   
Mean Rank Mean Rank x2 p 
Maternal age at 
delivery 
30.63 34.21 0.129 0.720 
 
Parity and Birth Outcomes 
Spearman and Kendall’s tests revealed that parity was positively correlated with 
weight for gestational age. The higher the number of previous births, the higher the weight 
for gestational age of the baby is likely to be. However, no significant correlations were 
found between parity and birth-weight, birth-term, or ponderal index (Appendix Table 
A14). In addition, Spearman’s correlations found that the number of previous births was 
not significantly correlated with any of the stress scores from any of the stress scales 
(Appendix Table A15). 
Kruskal-Wallis tests were performed to determine if women who were exposed to 
stressors during months 5, 6, and 7, and those who were not exposed differed in parity. No 
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significant differences in parity were found between the exposed and non-exposed to 
stressors during month 5 (Table 30), 6 (Table 31), or 7 (Table 32). 
Table 30: Mean differences in number of previous births between women exposed and 
non-exposed to any stressor during the 5th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
36.96 32.45 0.920 0.337 
 
 
Table 31: Mean differences in number of previous births between women exposed and 
non-exposed to any stressor during the 6th month of pregnancy 
 
Exposed 
(n = 24) 
 
Non-exposed 
(n = 43) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
37.13 32.26 1.098 0.295 
 
 
Table 32: Mean differences in number of previous births between women exposed and 
non-exposed to any stressor during the 7th month of pregnancy 
 
Exposed 
(n = 23) 
 
Non-exposed 
(n = 44) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
35.85 33.03 0.360 0.549 
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Kruskal-Wallis tests were performed to determine if women who were exposed to 
“financial difficulties,”, “relationship stress,”, and “moving, traveling not seeing someone” 
differed in parity from those who were not. No significant differences in parity were found 
between the exposed and the non-exposed to “financial difficulties” (Table 33), 
“relationship stress” (Table 34) or “moving, traveling not seeing someone” (Table 35). 
 
Table 33: Mean differences in number of previous births between women exposed and 
non-exposed to “financial difficulties” at any time during pregnancy 
 
Exposed 
(n = 10) 
 
Non-exposed 
(n = 57) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
37.05 33.46 0.329 0.566 
 
 
Table 34: Mean differences in number of previous births between women exposed and 
non-exposed to “relationship stress” at any time during pregnancy 
 
Exposed 
(n = 5) 
 
Non-exposed 
(n = 62) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
38.90 33.60 0.390 0.532 
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Table 35: Mean differences in number of previous births between women exposed and 
non-exposed to “moving, traveling not seeing someone” at any time during pregnancy 
 
Exposed 
(n = 4) 
 
Non-exposed 
(n = 63) 
   
Mean Rank Mean Rank x2 p 
Number of 
previous births 
37.63 33.77 0.168 0.682 
 
Sex of the Baby and Birth Outcomes 
Stress scores of mothers who gave birth to male babies and mothers who gave birth 
to female babies were tested separately for correlation with birth outcomes. Among male 
babies, but not female babies, Spearman and Kendall tests found significant correlations 
between birth-weight and NuPDQ (Table 36 and Appendix Table A16). Spearman and 
Kendall tests found a significant correlation between birth-term and PLES score among 
female babies (Table 37), but no significant correlation was found among male babies 
(Appendix Table A17).  
Kendall’s tests found a negative correlation between weight for gestational age and 
Other Stressors score among male babies (Table 38), and a negative correlation between 
ponderal index and JCQ (Table 39). Among female babies no significant correlation was 
found between weight for gestational age and any of the stress scores (Appendix Table 
A18) or ponderal index and stress scores (Appendix Table A19), but a Kendall’s test found 
a correlation between birth-term and PLES score (Table 37). 
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Table 36: Correlations between birth-weight and scores from stress scales, among male 
babies 
  
 
Spearman’s Correlation 
(n = 40) 
 
Kendall’s tau 
(n = 40) 
Scale rs P t p 
Birth-
weight 
PSS 0.287 0.073 0.194 0.085 
PLES 0.070 0.669 0.078 0.500 
NuPDQ 0.330 0.038 0.245 0.032 
JCQ -0.024 0.884 -0.021 0.859 
ELCSA 0.275 0.086 0.223 0.072 
Other Stressors -0.094 0.563 -0.066 0.587 
Discrimination 0.090 0.580 0.073 0.572 
Top Stressors 
score 
0.084 0.607 0.054 0.643 
 
 
Table 37: Correlations between birth-term and scores from stress scales, among female 
babies 
  
 
Spearman’s Correlation 
(n = 27) 
 
Kendall’s tau 
(n = 27) 
Scale rs P t p 
Birth-
term 
PSS -0.247 0.215 -0.182 0.210 
PLES 0.389 0.045 0.299 0.039 
NuPDQ -0.260 0.190 -0.208 0.154 
JCQ -0.056 0.781 -0.045 0.769 
ELCSA -0.181 0.366 -0.164 0.293 
Other Stressors -0.367 0.060 -0.285 0.069 
Discrimination -0.155 0.441 -0.137 0.413 
Top Stressors 
score 
0.101 0.616 0.086 0.567 
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Table 38: Correlations between weight for gestational age and scores from stress scales, 
among male babies 
  
 
Spearman’s Correlation 
(n = 39) 
 
Kendall’s tau 
(n = 39) 
Scale rs P t p 
Weight for 
gestational 
age 
PSS 0.076 0.645 0.065 0.602 
PLES -0.039 0.815 -0.028 0.827 
NuPDQ 0.242 0.138 0.202 0.110 
JCQ 0.057 0.732 0.051 0.690 
ELCSA 0.085 0.607 0.069 0.617 
Other Stressors -0.314 0.052 -0.266 0.047 
Discrimination 0.148 0.370 0.128 0.373 
Top Stressors 
score 
-0.023 0.889 -0.020 0.877 
 
 
 
Table 39: Correlations between ponderal index and scores from stress scales, among male 
babies 
  
 
Spearman’s Correlation 
(n = 40) 
 
Kendall’s tau 
(n = 40) 
Scale rs P t p 
Ponderal 
Index 
PSS 0.192 0.236 0.143 0.202 
PLES 0.002 0.990 0.004 0.972 
NuPDQ 0.135 0.406 0.100 0.378 
JCQ -0.309 0.053 -0.239 0.038 
ELCSA -0.002 0.991 -0.011 0.926 
Other Stressors 0.200 0.217 0.146 0.223 
Discrimination -0.015 0.929 -0.007 0.955 
Top Stressors 
score 
0.075 0.644 0.063 0.584 
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Kruskal-Wallis tests were performed to determine if the group of female babies and 
the group of male babies differed in any of the birth outcomes. No significant differences 
were found between the male and the female group of babies in birth-weight, birth-term, 
weight for gestational age, or ponderal index (Table 40). 
 
Table 40: Mean rank differences in birth outcomes between male and female babies 
 
Male 
(n = 40) 
 
Female 
(n = 27) 
   
Outcome Mean Rank Mean Rank x2 p 
Birth-weight 35.33 32.04 0.459 0.498 
Birth-term 34.66 33.02 0.117 0.732 
Weight for 
gestational age 
33.54 33.44 0.000 0.984 
Ponderal Index 34.60 33.11 0.094 0.759 
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Chapter Four: Discussion and Conclusion 
Stressors and Birth Outcomes in the Literature 
Relationships between maternal stressors during pregnancy and increased risk for 
adverse birth outcomes have been extensively reported in the literature. In particular, a link 
between maternal stress during pregnancy and LBW and PTB is the dominant pattern 
reported. Maternal stressors and negative emotions during pregnancy are generally found 
to be associated with preterm delivery, LBW or low birth-weight for gestational age 
(Borders et al., 2007; Grote et al., 2010; Love, David, Rankin, & Collins, 2010; Nkansah-
Amankra et al., 2010; Rondo et al., 2003; Van den Bergh et al., 2005).  
The kind, amount and intensity of stressors experienced and perceived by women 
during pregnancy can differ between populations. Even different segments of the same 
society may experience different stressors and in different contexts. In a study including 
participants from 19 states of the U.S., African American and Native American women 
reported the highest number of stressful life events during pregnancy; and African 
American women experienced more emotional, financial, partner-related, and traumatic 
stressors during pregnancy than their white counterparts (Michael C Lu & Chen, 2004).  
Different kinds of stressors have been found to be related to different birth 
outcomes. In the Brazilian population, maternal distress has been associated with LBW and 
PTB (Rondo et al., 2003). In a state-wide study in Missouri, mothers who “almost always” 
felt stress during pregnancy had an increased risk of LBW. Pregnancy denial, unhappiness 
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about the pregnancy, getting back with a partner, experiencing an accident, injuries or 
illness were associated with an increased risk of LBW. In contrast, taking a mortgage or 
loan, having a close relative die, and having a mistimed pregnancy reduced the probability 
of LBW (Sable & Wilkinson, 2000).  
Women who have experienced violence, physical abuse or assault, sexual or 
emotional abuse during pregnancy have been found to be more likely to have pregnancy 
complications, fetal mortality, PTB and LBW babies (El Kady, Gilbert, Xing, & Smith, 
2005; Murphy, Schei, Myhr, & Du Mont, 2001; Sarkar, 2008). For instance; a study from 
a Nicaraguan population found that physical abuse by partners during pregnancy increased 
the risk for LBW (Valladares, Ellsberg, Peña, Högberg, & Persson, 2002). In a 
predominantly African American sample, women who received physical abuse injuries 
gave birth to significantly more premature and LBW babies (Neggers, Goldenberg, Cliver, 
& Hauth, 2004). Work that is physically demanding can also increase the risk for adverse 
pregnancy outcomes. Prolonged standing, shift and night work, and high cumulative work 
fatigue have been associated with PTB (Mozurkewich, Luke, Avni, & Wolf, 2000). 
Discussion of Findings in the Present Study 
The first aim of this study was to determine if high levels of self-reported maternal 
stress during pregnancy is associated with 1) LBW and 2) PTB. Maternal stress was 
hypothesized to be negatively correlated to birth-weight and birth-term. In this sample, no 
correlation was found between any of the stress scores from any of the stress scales and 
birth-weight, birth-term, percentiles of weight for gestational age, or ponderal index. 
However, only among male babies, birth-weight was significantly correlated with NuPDQ. 
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In this sense, among mothers who had male babies, the higher their level of pregnancy-
specific stress was, the more likely they were to have a baby with a higher birth-weight. 
No other correlation was found among male babies, between any of the stress scores from 
any of the stress scales and birth-term, percentiles of weight for gestational age, or ponderal 
index. 
Comparisons were made between the exposed and non-exposed to any stressor 
during each individual month of pregnancy. Mothers exposed to stressors during the 5th, 
6th, and 7th month of pregnancy delivered babies with a significantly higher ponderal 
index than non-exposed mothers. In addition, women exposed to any stressor during month 
5, 6, or 7 individually, had higher general stress levels, experienced more kinds of stressors, 
during a longer period of time, experienced more non-pregnancy-specific adverse life 
events, and more pregnancy-specific stressors.  
Subsequently, mothers were divided into groups, depending on whether they were 
exposed or not exposed to the each of the top stressors reported. Babies from mothers 
exposed to “financial difficulties” were born on average at an earlier gestational age than 
the babies from the mothers who were not exposed to “financial difficulties”. Babies from 
mothers exposed to “relationship stress” had on average a higher ponderal index than the 
babies from the mothers who were not exposed to “relationship stress”. However, the 
babies of mothers exposed to “moving, traveling, not seeing a close one” had on average a 
lower ponderal index than the babies from the mothers who were not exposed. Exposure 
to any of the other top stressor did not show any significant difference in any of the birth 
outcomes.  
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Some of the results from the present study are in conflict with the literature 
(Cannella, Hamilton, & Lobel, 2010; Dunkel Schetter & Tanner, 2012). In male babies 
birth-weight increased, instead of decreasing, as maternal level of pregnancy-specific stress 
increased. Although mothers exposed to stressors during the 5th, 6th, and 7th month of 
pregnancy had higher general stress levels, experienced more stressors for longer, 
experienced more non-pregnancy-specific adverse life events, and more pregnancy-
specific stressors; they delivered babies with a significantly higher ponderal index than 
non-exposed mothers. In addition, mothers exposed to “relationship stress” had babies with 
a higher ponderal index than the mothers who were not exposed. This relationship between 
higher stress levels and higher birth-weight and ponderal index is unprecedented in the 
literature.  
The results from the present study suggest that the kind of stressor and the timing 
of the exposure may have different effects on birth outcomes. Maternal exposure to 
pregnancy-specific stress may increase the probability of a higher birth-weight in male 
babies. Exposure to “financial difficulties” may increase the probability of delivery at an 
earlier gestational age. Exposure to stress during the 5th, 6th, and 7th month of pregnancy, 
and “relationship stress” may increase the probability of a higher ponderal index; whereas 
exposure to “moving, traveling, not seeing a close one” may increase the probability of a 
lower ponderal index. However, it is important to keep in mind that only 10 mothers were 
exposed to “financial difficulties,”, 5 to “relationship stress,”, and 4 to “moving, traveling, 
not seeing a close one”. Therefore, the results of these three comparisons are not 
conclusive. 
 
 68 
 
The second aim of this study was to determine if maternal low SES during 
pregnancy is associated with 1) LBW and 2) PTB. Maternal SES was hypothesized to be 
positively correlated to birth-weight and birth-term. However, no significant correlations 
were found between any of the SES variables and any of the birth outcomes, and no 
significant difference in any birth outcome was found between any of the categories of 
maternal self-identified ethnicity. It is important to note that the participant mothers were 
intended to answer the questionnaire, including the paternal socio-demographic questions. 
Some of these items asked about “paternal self-identified ethnicity” and “paternal ethnicity 
as identified by others”. In some instances, the fathers of the babies were present in the 
room while the participant mothers answered the questionnaire. It is unknown which of the 
mothers did or did not consult with the father of their baby for answering paternal socio-
demographic questions. Interestingly, significant differences in birth-weight and ponderal 
index were found between several categories of paternal self-identified ethnicity. The 
pattern shows that self-identified “Hispanic” fathers had the babies with the highest birth 
weight and highest ponderal index, self-identified “White” fathers had the babies with the 
lowest birth weight, and “Mix/Black” fathers had the babies had the lowest ponderal index 
among the categories that showed significant differences.  
Categories of how the mother perceives that other individuals classify her ethnicity 
did not show statistical differences in any birth outcome. However, the perception of how 
others classify the father’s ethnicity showed significant differences in birth-term between 
certain categories. Among the categories of father’s ethnicity as classified by others that 
showed significant differences, the babies of “White” fathers were the earliest to be born, 
and “Mix/Black” were the latest to be born. “White” babies were born on average 18 days 
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before the “Mix/Black” babies. This pattern is opposite to what is found in the mainland 
U.S.A. (Collins Jr, Rankin, & David, 2011; Dominguez, Dunkel-Schetter, Glynn, Hobel, 
& Sandman, 2008). Although differences in birth outcomes between several categories of 
paternal self-identified ethnicity and perception of paternal ethnicity as classified by others 
are significant, the sample sizes of each of these categories are small, and results should be 
taken with caution. However, these results suggest that in this population, paternal ethnicity 
may be more important than maternal ethnicity in modulating maternal stress and affecting 
birth outcomes.   
The third aim of this study was to determine if food insecurity during pregnancy is 
associated with 1) LBW and 2) PTB. Food insecurity was expected to be negatively 
correlated to birth-weight and birth-term, but no significant correlation was found between 
the ELCSA score and any birth outcome.  However, our results indicate that food insecurity 
is linked to other forms of stress. Women who were food insecure had a significantly higher 
score on the PSS stress scale and on the Other Stressors scale than the food secure. Maternal 
age at birth was found to be negatively correlated with ELCSA score. Therefore, the 
younger the women were at delivery, the higher the food insecurity scores were. 
Amongst the food insecure, ELCSA score was found to be significantly correlated 
with Other Stressors, NuPDQ, and Discrimination. This means that women who were food 
insecure during pregnancy experienced more adverse life-events and higher levels of 
general stress. Furthermore, the higher the level of food insecurity was during pregnancy, 
the more likely they were to experience higher levels of discrimination and pregnancy-
specific stress. 
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Mothers with children at home had significantly higher scores on the Other 
Stressors scale than mothers who did not have children at home. Amongst the women with 
children at home, ELCSA scores were found to be significantly correlated with the scores 
of Other Stressors, NuPDQ, and negatively correlated with JCQ. In women without 
children at home, the ELCSA score was found to be significantly correlated with the scores 
of PSS, NuPDQ, and Discrimination.  
These results indicate that women with children at home who were food insecure 
during pregnancy experienced more adverse life-events. The higher the level of food 
insecurity during pregnancy, the more likely they were to experience pregnancy-specific 
stress, but less likely to experience job-specific stress. In women without children at home 
during pregnancy, the higher the level of food insecurity was, the more likely they were to 
experience higher levels of general stress, discrimination, and pregnancy-specific stress. 
The younger the women were at delivery, the higher the food insecurity experienced. 
However, none of these stressors influenced any birth outcome. 
Control of Confounders 
All high risk pregnancies were excluded from this study. Maternal age at delivery 
before 16 years or after 35 years, pre-existing diabetes (type 1 or 2), gestational diabetes, 
preeclampsia, placenta previa, polyhydramnios or oligohydramnios, multiple pregnancy, 
sexually transmitted disease, HIV/AIDS, baby with congenital or genetic defects, and/or 
otherwise diagnosed by a physician as a high-risk pregnancy are factors known to influence 
the birth outcomes measured in this study (Deshpande, 2011; Gilbert, 2010; James, Steer, 
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Weiner, & Gonik, 2010). In this sense, the before mentioned confounders were controlled 
in this study by exclusion. 
Birth-weight was positively correlated with maternal stature and maternal weight 
before giving birth. The usefulness of maternal weight for predicting the birth-weight of 
the offspring has been consistently reported on the literature (Magnus, Bakketeig, & 
Skjaerven, 1993). The higher the maternal stature and maternal weight are before giving 
birth, the higher the baby’s birth-weight is likely to be. This means that taller mothers and 
heavier mothers are more likely to give birth to heavier babies than their shorter and lighter 
counterparts. Weeks of gestation at birth was positively correlated with maternal BMI 
before giving birth. As weeks of pregnancy increase, maternal BMI also increases. It has 
been reported that maternal anthropometric measurements have an influence on the 
offspring’s anthropometric measurements, which has been proposed to play a role in 
epigenetic-metabolic programming during fetal development, thereby increasing risk for 
T2DM later in life (C. Fall et al., 1998; Gemma et al., 2009; Pihlajamäki, Vanhala, 
Vanhala, & Laakso, 2012). 
Parity was positively correlated with weight for gestational age. The higher the 
number of previous births, the higher the weight for gestational age of the baby is likely to 
be. However, no significant correlations were found between parity with birth-weight, 
birth-term or ponderal index. In addition, the number of previous births was not 
significantly correlated with any of the stress scores from any of the stress scales. Maternal 
age at delivery was positively correlated with birth-weight and with weight for gestational 
age. The higher the age of the mother at delivery, the higher the birth-weight and weight 
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for gestational age of the baby are likely to be. However, maternal age at delivery was not 
significantly correlated with any of the stress scores from any of the stress scales. 
Women who were exposed to stressors during months 5, 6, and 7 did not differ 
between the non-exposed in maternal stature, weight, BMI, parity or maternal age at 
delivery. Women who were exposed to “financial difficulties,”, “relationship conflict,”, 
and “moving, traveling not seeing someone” did not differ from the non-exposed in 
maternal stature, weight, BMI, parity or maternal age at delivery. Stress scores of mothers 
who gave birth to male babies and mothers who gave birth to female babies were not 
significantly correlated with any of the stress scores from any of the stress scales, or with 
any birth outcome. The group of female babies and the group of male babies did not differ 
in any of the stress scores or birth outcomes.  
Birth-Weight and Risk for Type 2 Diabetes Mellitus (T2DM) in the Literature  
The patterns and shapes of the statistical relationships between birth-weight and 
increased risk for type 2 diabetes mellitus T2DM vary across populations. While an inverse 
association between birth-weight and risk for T2DM is most common, positive associations 
and U-shaped relationships between birth-weight and risk for T2DM have been found in 
several populations (Harder, Rodekamp, Schellong, Dudenhausen, & Plagemann, 2007; 
Murphy et al., 2001; Newsome et al., 2003; Peter H Whincup et al., 2008). Indeed, a 
systematic review of 48 published studies examining the relationship between birth-weight 
and 4 different biomarkers for T2DM, found varied patterns. Fifteen of 25 studies found 
inverse relationships, 6 positive relationships, 4 no relationships and 1 U-shaped 
relationship, between birth weight and fasting plasma glucose concentrations. In the same 
systematic review, out of 26 articles; 20 inverse relationships, 4 positive relationships, and 
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3 neutral relationships between birth-weight and 2 hour plasma glucose concentration were 
found. Seventeen of 22 articles reported an inverse relationship between birth-weight with 
insulin resistance, and 16 of 24 articles reported an inverse relationship between birth-
weight and insulin secretion (Newsome et al., 2003).  
In contrast, a meta-analysis of 14 studies published between 1966 and 2005, 
reported that the meta-regression and categorical analyses performed revealed a U-shaped 
relationship between birth-weight and risk for T2DM (Harder et al., 2007). A systematic 
review of studies published between 1950 and 2007 revealed that inverse associations 
between birth-weight and T2DM are more common than positive associations, across 
populations in which statistically significant relationships were found. Inverse associations 
were reported for 9 populations and positive associations were reported for 2 Native 
American populations and a predominantly white Canadian population (Peter H Whincup 
et al., 2008).  
Comparison between Puerto Rico and other Populations 
In the present study, babies from mothers exposed to “financial difficulties” were 
born on average at an earlier gestational age than the babies from the mothers who were 
not exposed to “financial difficulties”. In addition, the exposed to “moving, traveling, not 
seeing a close one” had babies with a lower ponderal index than the non-exposed. These 
findings are consistent with what has been reported previously on the relationship between 
psychosocial stress during pregnancy and birth outcomes in minority populations in the 
U.S. (Collins Jr et al., 2011; Copper et al., 1996; Kramer et al., 2009).  
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In the present study, mothers exposed to stressors during month 5, 6, and 7 
experienced higher number of stressors for more months, higher stress scores, and gave 
birth to babies with a higher ponderal index. Babies from mothers exposed to “relationship 
stress” also had on average a higher ponderal index than the babies from the mothers who 
were not exposed. These findings are relevant as there were no differences in maternal 
stature, weight, BMI, maternal age at birth, or parity between the exposed and non-
exposed. However, these results do not go in hand with the relationship between high stress 
levels and lower birth-weight that has been consistently reported on populations from the 
mainland U.S. and other countries (Collins & David, 2009; Nkansah-Amankra et al., 2010; 
Rondo et al., 2003). During the literature review no study was found, in which the women 
exposed to higher stress levels gave birth to babies with a higher birth-weight or higher 
ponderal index. In this sense, the findings of the present study are unprecedented, but 
should be taken with caution given the small sample size.  
The populations of Puerto Rico and India share high rates of LBW and T2DM 
(CDC, 2009; C. Fall et al., 1998; Hamilton et al., 2010). In the Indian population, even 
when rates of LBW are high, risk for T2DM has been found to be higher in individuals 
with a high ponderal index (C. Fall et al., 1998). The pattern of birth outcomes and T2DM 
found in India has been attributed to changes in nutritional intake and lifestyle taking place 
through the process of Westernization (Yajnik, 2004). No data on nutritional intake were 
collected during the present study. However, Puerto Rico has been a non-incorporated 
territory of the U.S.A. since 1898, and might be considered as Westernized in terms of 
nutritional practices and lifestyle (Fernández, 1975; Garcia-Palmieri et al., 1980). 
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Urban India is characterized by higher birth-weight babies and a higher prevalence 
of T2DM in comparison with rural India. On average, an Indian individual with the same 
BMI as a Western individual, will still have lower muscle mass, higher body-fat percentage 
and higher visceral fat. This “thin-fat” phenotype is also present at birth (Yajnik, 2004). 
Indian babies are lighter, have a lower ponderal index, smaller abdominal viscera and lower 
muscle mass, than white English babies. However, Indian babies preserve body fat during 
their intrauterine development. This body composition of relatively low muscle mass and 
high fat can persist postnatally and has been proposed to be a predisposition for insulin 
resistance (Yajnik et al., 2003). Furthermore, higher ponderal index predicted the 
occurrence of T2DM in a Southern Indian sample, as higher rates of T2DM were found in 
individuals with a high ponderal index. Mothers who had babies with a high ponderal index 
were heavier during pregnancy than their lower ponderal index counterparts, and these high 
ponderal index individuals exhibited reduced beta cell function (C. Fall et al., 1998). 
The Pima and Tohono O'odham Indians from the Gila River Community in Arizona, 
the Saskatchewan Indians and the general Saskatchewan population from Canada, and the 
Puerto Rican population exhibit high rates of LBW, PTB and T2DM (CDC, 2009; R. Dyck, 
Klomp, Tan, Turnell, & Boctor, 2002; Franks et al., 2006; Hamilton et al., 2010; O'Connell, 
Yi, Wilson, Manson, & Acton, 2010; R. T. Oster et al., 2011). In the two systematic reviews 
and the meta-analysis previously mentioned, the Native American populations exhibit a 
pattern different from the other populations. High birth-weight has been found to increase 
the risk for obesity and T2DM in Native American populations, and the onset of T2DM 
takes place earlier than in other populations. Birth-weight and T2DM have a U-shaped 
association in Native American Populations, with a higher risk of T2DM at the higher end 
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of the spectrum (R. F. Dyck, Klomp, & Tan, 2001; McCance et al., 1994; O'Connell et al., 
2010; R. Oster, Luyckx, & Toth, 2012; R. T. Oster et al., 2011; Peter H Whincup et al., 
2008).  
One study from a Taiwanese population reported patterns similar to the Indian and 
Native American populations. A U-shaped relationship between birth-weight and risk of 
T2DM was found in children aged 6–18 years from Taiwan. The Taiwanese children who 
had a high birth-weight and were type 2 diabetics, were also more likely to have higher 
BMI and diastolic blood pressure, and family history of T2DM (Wei et al., 2003). However, 
it is not yet known if there is an inverse, positive or U-shaped relationship between birth-
weight and risk for T2DM in the population of Puerto Rico. 
Mitochondrial DNA and T2DM 
Abnormal fetal growth has been linked with decreased mitochondrial DNA 
(mtDNA) density as measured by mtDNA content, which may contribute to the 
development of T2DM and related metabolic disturbances later in life (Gemma et al., 2012; 
Gianotti et al., 2008; Lee et al., 1998; Song et al., 2001). mtDNA content has been found 
to be decreased in newborns with low and high birth-weight (Gemma et al., 2012). It is not 
known if high levels of maternal stress during pregnancy can reduce mitochondrial density 
in the developing fetus. However, in a sample from the predominantly “white” general 
population of Rhode Island, infants born from mothers with gestational diabetes and born 
large for gestational age exhibited an increased risk of developing metabolic syndrome 
(Boney, Verma, Tucker, & Vohr, 2005). A transcriptional co-activator in the nuclear 
genome, which is involved in mitochondrial function and biogenesis, known as 
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PPARGC1A has been identified as a candidate gene for T2DM and related metabolic 
disturbances (Puigserver & Spiegelman, 2003; Sookoian et al., 2005). The activation of 
PPARGC1A influences mitochondrial density, and a significant association between the 
PPARGC1A promoter methylation in large for gestational age babies has been reported, 
making the PPARGC1A a potential gene involved in epigenetic-metabolic programming 
(Gemma et al., 2009). 
Previous research on mtDNA and mitochondrial function suggest that in the Puerto 
Rican sample, the babies from mothers exposed to stressors, who had a higher ponderal 
index than the non-exposed, may be at higher risk of developing T2DM. In the present 
study, the higher ponderal index found in the exposed to stressors during month 5, 6, and 
7 of pregnancy did not exhibit an extremely high ponderal index. However, the relatively 
higher ponderal index found in the exposed may increase the risk for T2DM in the offspring 
(Boney et al., 2005; R. F. Dyck et al., 2001; Harder et al., 2007; McCance et al., 1994; R. 
Oster et al., 2012; Wei et al., 2003). By being over the mean in the distribution of ponderal 
index, the risk for T2DM may increase. Birth-weight and ponderal index in the higher 
range of the spectrum are generally attributed to maternal insulin resistance and obesity. 
However, diabetic mothers were excluded from the present study’s sample and there were 
no differences in maternal stature, weight, BMI, maternal age at delivery, or parity between 
the exposed and non-exposed.  
Differences in mtDNA are considered to be important components of differences 
in metabolic functioning and risk for T2DM (Mueller et al., 2011; Murakami et al., 2001; 
Niemi & Majamaa, 2005; Pagel-Langenickel, Bao, Pang, & Sack, 2010; Palmieri et al., 
2010; Park et al., 2008; Patti & Corvera, 2010; Rabol et al., 2010; Scott et al., 2009; Song 
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et al., 2001; Tranah et al., 2011; Van den Berg, Van Marken Lichtenbelt, Willems van Dijk, 
& Schrauwen, 2011; van Tienen et al.). It is interesting to note that 61% of the Puerto Rican 
population and 56.7% of the population in the municipality of Caguas, the site of the 
present study, share mtDNA haplogroups of Amerindian origin with the Pima and the 
Saskatchewan Indians of North America (Martinez-Cruzado et al., 2001; Martínez‐
Cruzado et al., 2005; Schurr & Sherry, 2004; Wallace & Torroni, 2009). Municipalities 
surrounding Caguas such as Guaynabo (63.2%), Humacao (58.3%), Cayey (50%), San 
Lorenzo (52%), Patillas (62.1%), and San Juan (42%) are characterized by a predominance 
of mtDNA haplogroups of Amerindian origin over haplogroups of European and African 
origin (Martínez‐Cruzado et al., 2005). In this sense, most of the individuals in the Puerto 
Rican population share closely related, and in some cases the same mitochondrial genome 
as the Pima and the Saskatchewan Indians from North America.  
The frequencies of the different Amerindian mtDNA haplogroups vary between 
Native American populations, and not all 5 (A, B, C, D, and X) Amerindian haplogroups 
are present in all Native American populations. Four (A, B, C, and D) of the Amerindian 
haplogroups are present in the Population of Puerto Rico (Martínez‐Cruzado et al., 2005). 
Estimates of autosomal genetic admixture in the population of Puerto Rico has been 
reported as 15.2% Amerindian, 21.2% African, and 63.7% European (Via et al., 2011). 
Native American mtDNA haplogroups are derived from, and closely related to several 
Asian mtDNA haplogroups. The Taiwanese population shares some mtDNA haplogroups 
with Native American and Puerto Rican Populations (Tajima et al., 2003; Yao, Kong, 
Bandelt, Kivisild, & Zhang, 2002). 
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The population of Puerto Rico shares similarities in rates of birth outcomes and 
T2DM with Indian, Native American, and Taiwanese populations. Indian, Native 
American and Taiwanese populations exhibit a predominantly positive and U-shape 
relationship between birth-weight and risk for T2DM. It is not yet known if there is any 
statistical relationship between birth-weight and risk for T2DM in the population of Puerto 
Rico. If the population of Puerto Rico is also similar to these populations in the relationship 
between birth-weight and risk for T2DM; then in the present study the babies from mothers 
exposed to stressors, who had a higher ponderal index would be at a higher risk for T2DM 
than their non-exposed counterparts. Considering the role of mitochondrial functioning in 
the development of T2DM, and the similarities in mtDNA haplogroups between the 
populations of Puerto Rico, Native Americans and Taiwanese; it is plausible that the 
relationship between birth-weight and risk for T2DM in Puerto Rico is similar to these 
related populations.  
The relationship between higher stress levels and higher ponderal index found in 
the present study of the population of Puerto Rico, may also be present in Native American 
populations, and perhaps in some Asian and Indian populations. Therefore, similar studies 
to this one are needed in Native American, Asian and Indian populations. The relationship 
between maternal psychosocial stress during pregnancy and birth outcomes needs to be 
assessed in these populations. It is plausible that in certain populations, maternal stress 
during pregnancy is expressed as high birth-weight or high ponderal index, instead of 
LBW. Therefore, higher birth-weight and higher ponderal index could make a more 
significant contribution to the risk of T2DM in certain populations. 
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Conclusion 
The relationship found between higher stress levels and higher birth-weight and 
ponderal index in this Puerto Rican sample is unprecedented in the literature. The results 
indicate that the type of stressor and the timing of the exposure may have different effects 
on different birth outcomes, and suggest that the statistical relationships between particular 
stressors and particular birth outcomes could be variable across populations. It seems 
plausible that the correlation between pregnancy-specific stress and increased birth-weight 
among male babies may increase their risk for T2DM. Similarly, the higher ponderal index 
of male and female babies from mothers exposed to stressors during month 5, 6, 7 and 
“relationship stress” may put them at a higher risk for T2DM than the babies from the non-
exposed mothers.  
The relationship between high birth-weight and increased risk for T2DM found in 
Native Americans, Taiwanese and Indians might also be present in Puerto Rico. If this is 
the case; then male babies from mothers with high pregnancy-specific stress and higher 
birth-weight, and both male and female babies from the mothers exposed to stressors who 
had higher ponderal index could be at a higher risk of developing T2DM. However, 
because the relationship between birth-weight and risk for T2DM in the population of 
Puerto Rico is not yet known; no risk for T2DM can be concluded for the participants of 
this study. Similarities in mtDNA haplogroups between the populations of Puerto Rico, 
Native Americans and Taiwanese could contribute to the similarities in rates of birth 
outcomes and T2DM between these populations. Therefore, it is plausible that the 
relationship between birth-weight and risk for T2DM in Puerto Rico is similar to these 
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related populations. However, longitudinal and retrospective studies would be needed to 
test these hypotheses.  
Relevance and Contribution of the Study 
A relationship between maternal psychosocial stressors during pregnancy and 
negative birth outcomes has been reported in various populations. Negative birth outcomes 
have been found to increase risk for T2DM in the offspring (Peter H Whincup et al., 2008). 
However, even when Puerto Rico has a high prevalence of T2DM, LBW and PTB; the 
possibility of a relationship between maternal psychosocial stressors during pregnancy and 
negative birth outcomes had not been previously assessed in this population.  
This study shows how stressors in the socio-cultural and ecological environment 
can influence biology. It examined the relationship between maternal psychosocial 
stressors during pregnancy and birth outcomes. In this sense, this study provides an 
example of maternal stressors getting “under the skin” and becoming embodied in the 
offspring (C.C. Gravlee, 2009). In particular it provides evidence on psychosocial stressors 
experienced by women during pregnancy having an effect on certain birth phenotypes. 
The findings of the present study provide valuable information for future research 
on social determinants of health, psychosocial stressors, human developmental biology, 
developmental plasticity, epigenetics, human evolution, birth outcomes, T2DM and related 
comorbidities. Therefore, this study represents a contribution to anthropology, human 
biology, and public health by providing an assessment of the relationship between maternal 
psychosocial stressors during pregnancy and birth outcomes in the understudied population 
of Puerto Rico. Result on the relationship between increased maternal stress and increased 
ponderal index, instead of increased maternal stress and decreased ponderal index or birth-
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weight, are atypical in comparison with other populations. Therefore the findings 
contribute to the understanding of population differences in the relationship between 
maternal stress during pregnancy and birth outcomes. Such population-specific differences 
in the association between maternal stressors during pregnancy, birth-weight and ponderal 
index, and the probability of developing the metabolic syndrome, underscore the 
importance of a cross-cultural approach to the study of human health and disease. 
Strengths and Limitations of the Study 
Study Design 
 
This was a cross-sectional study, thus data from the participants were collected only 
once at one point in time. This design made the study feasible in terms of time and funds 
available. The fact that women were asked about their pregnancy stressors after they had 
given birth may result in recall bias. However, if the stress data were to be collected only 
once while the participants were pregnant, no stress data would have been available for the 
remaining time of their pregnancies. In addition, data on birth outcomes is only available 
after the women have given birth. In this study data were collected after the participants 
had given birth, enabling data collection and analysis on stressors during the entire 
pregnancy and birth outcomes. In a situation in which time and funding allows, a 
longitudinal study design would permit the collection of data multiple times at different 
points during the entire pregnancy. Nonetheless, the Top Stressors section of the 
questionnaire was designed for collecting data on the timing, duration and intensity of what 
participants experienced and perceived as the most significant stressors. In this way, 
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participants were able to provide detailed information on exposure to particular stressors 
during different months of pregnancy.  
Sample Size and Participation Rate 
 
All the women who gave birth at HIMA Caguas (n = 199) between July 17, 2012 
and August 17, 2012 were approached and invited to participate in the study. Of all the 
invited, 30.6% (n = 61) choose not to participate and 33.7% (n = 67) became participants. 
Due to the strict exclusion criteria of the study, 35.7% (n = 71) had to be excluded. 
Exclusion criteria were verified in the medical records and all high risk pregnancies were 
excluded (Deshpande, 2011; Gilbert, 2010; James et al., 2010). In this sense, confounders 
involved in high risk pregnancies were controlled for in this study by exclusion. Including 
high risk pregnancies in this study would have doubled the sample size, but the high risk 
factors during pregnancy would have confounded the results. Furthermore, the results 
reported in this study could not have been attributed to maternal exposure to psychosocial 
stressors during pregnancy if half of the sample would have been composed of participants 
with high risk pregnancies. 
Recommendations 
A larger sample size would be necessary to corroborate the findings of this study. 
Longitudinal and retrospective studies in which anthropometric measurements including 
body-composition, measurements of insulin sensitivity during pregnancy and offspring’s 
infancy are needed. The possibility of a relationship between maternal stress during 
pregnancy, overeating, changes in maternal body-composition, and adverse birth outcomes 
deserves attention in future research. The tissue-specific epigenetic effects of maternal 
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stressors on particular loci of the fetus’ genome, which may be responsible for adverse 
birth outcomes and increased risk of T2DM need to be identified.  
Future research must investigate the possible buffering effects of social support and 
the effects that different strategies for dealing with stressors may have on birth outcomes 
in the population of Puerto Rico. Population differences on high vs. LBW and high vs. low 
ponderal index as a result of maternal stress during pregnancy need further study. In 
addition, research to determine the statistical relationship between birth-weight and risk for 
T2DM in the population of Puerto Rico is sorely needed. This would identify what 
segments in the spectrum of birth-weight and ponderal index may increase the risk for 
T2DM in the population of Puerto Rico. 
The relationship between higher stress levels and higher ponderal index found in 
the present study of the population of Puerto Rico, may also be present in Native American 
populations, and perhaps in some Asian and Indian populations. Therefore, similar studies 
to this one are needed in these populations, in order to assess the relationship between 
maternal psychosocial stress during pregnancy and birth outcomes in each particular 
population. It is plausible that in certain populations, maternal stress during pregnancy is 
expressed as high birth-weight or high ponderal index instead of LBW, and that higher 
birth-weight and ponderal index make a more significant contribution to the risk of T2DM. 
The possible contributions of mtDNA variations in birth outcomes and risk for T2DM need 
to be evaluated across populations. 
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Appendix 1: Additional Tables 
Table 41: Correlations between PSS Stress score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
PSS Score 
Birth-weight 0.084 0.497 0.060 0.487 
Birth-term 0.049 0.695 0.034 0.705 
Weight for 
gestational age 
0.047 0.706 0.041 0.668 
Ponderal Index 0.108 0.383 0.070 0.416 
 
 
Table 42: Correlations between PLES score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
PLES 
Score 
Birth-weight 0.127 0.305 0.110 0.209 
Birth-term 0.164 0.186 0.120 0.181 
Weight for 
gestational age 
-0.030 0.808 -0.020 0.838 
Ponderal Index 0.002 0.987 0.000 0.996 
 
 
Table 43: Correlations between NuPDQ score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
NuPDQ 
Score 
Birth-weight 0.122 0.327 0.090 0.298 
Birth-term 0.006 0.961 0.000 0.996 
Weight for 
gestational age 
0.171 0.170 0.138 0.151 
Ponderal Index 0.011 0.931 0.001 0.987 
 104 
 
 
Table 44: Correlations between JCQ score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
JCQ Score 
Birth-weight -0.026 0.836 -0.018 0.841 
Birth-term -0.046 0.710 -0.036 0.693 
Weight for 
gestational age 
0.056 0.654 0.045 0.648 
Ponderal Index -0.119 0.338 -0.088 0.324 
 
 
Table 45: Correlations between Other Stressors score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
Other 
Stressors 
Score 
Birth-weight -0.133 0.285 -0.096 0.296 
Birth-term 0.005 0.965 0.005 0.955 
Weight for 
gestational age 
-0.153 0.221 -0.126 0.217 
Ponderal Index 0.172 0.165 0.126 0.169 
 
 
Table 46: Correlations between Discrimination score and birth outcomes 
  
 
Spearman’s 
Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
Discrimination 
Score 
Birth-weight -0.018 0.888 -0.015 0.883 
Birth-term -0.098 0.431 -0.082 0.421 
Weight for 
gestational age 
0.056 0.657 0.049 0.655 
Ponderal Index 0.081 0.515 0.065 0.510 
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Table 47: Correlations between Top Stressors Score and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t p 
Top 
Stressors 
Score 
Birth-weight 0.120 0.334 0.089 0.320 
Birth-term 0.073 0.558 0.054 0.555 
Weight for 
gestational age 
0.054 0.669 0.040 0.682 
Ponderal Index 0.067 0.592 0.044 0.621 
Table 48: Correlations between food insecurity and birth outcomes in households with 
and without children 
 
Households with Children 
 
Households without Children 
 
n rs p n rs p 
Birth-Term 35 0.088 0.620 32 0.069 0.707 
Birth-
Weight 
35 0.177 0.316 32 0.074 0.686 
Weight for 
Gestational 
Age 
35 0.134 0.459 32 0.005 0.978 
Ponderal 
Index 
35 0.002 0.992 32 0.084 0.646 
 
Table 49: Differences in means of birth outcomes between households with and without 
children 
 Households with 
Children 
Households 
without Children 
   
n Mean Rank n Mean Rank U Z p 
Birth-Term 35 30.66 32 36.52 447.50 -1.250 0.211 
Birth-
Weight 
35 35.16 32 31.73 487.50 -0.725 0.468 
Weight for 
Gestational 
Age 
35 36.74 32 29.14 404.50 -1.688 0.091 
Ponderal 
Index 
35 37.12 32 29.66 421 -1.578 0.115 
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Table 50: Correlations between maternal anthropometric measurements and birth-weight 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t p 
Birth-
weight 
Maternal 
stature 
0.278 0.023 0.197 0.025 
Weight before 
giving birth 
0.228 0.064 0.169 0.046 
 
 
Table 51: Correlations between maternal anthropometric measurements and birth-term 
  
 
Spearman’s Correlation* 
(n = 67) 
 
Kendall’s tau* 
(n = 67) 
Scale rs p t p 
Birth-
term 
BMI before 
giving birth 0.225 0.034 0.160 0.036 
* One-tailed tests performed 
 
 
Table 52: Correlations between maternal age at delivery and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
Maternal 
age at 
delivery 
Birth-weight 0.324 0.007 0.236 0.006 
Weight for 
gestational age 
0.292 0.017 0.225 0.019 
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Table 53: Correlations between maternal age at delivery and scores from stress scales 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t p 
Maternal 
age at 
delivery 
PSS 0.062 0.617 0.048 0.590 
PLES -0.054 0.664 -0.037 0.677 
NuPDQ 0.197 0.109 0.153 0.086 
JCQ -0.052 0.673 -0.043 0.638 
Other Stressors -0.180 0.145 -0.131 0.166 
Discrimination 0.048 0.701 0.037 0.713 
Top Stressors 
score 
0.167 0.177 0.121 0.184 
 
 
 
Table 54: Correlations between number of previous births and birth outcomes 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Outcome rs p t p 
Number 
of 
previous 
births 
Birth-weight 0.220 0.074 0.165 0.082 
Birth-term -0.098 0.429 -0.077 0.429 
Weight for 
gestational age 
0.263 0.033 0.218 0.039 
Ponderal Index 0.185 0.134 0.139 0.141 
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Table 55: Correlations between number of previous births and scores from stress scales 
  
 
Spearman’s Correlation 
(n = 67) 
 
Kendall’s tau 
(n = 67) 
Scale rs p t p 
Number 
of 
previous 
births 
PSS 0.094 0.450 0.067 0.489 
PLES 0.055 0.656 0.036 0.713 
NuPDQ -0.220 0.074 -0.183 0.061 
JCQ -0.098 0.430 -0.071 0.482 
Other Stressors 0.139 0.263 0.118 0.253 
Discrimination 0.009 0.942 0.008 0.945 
Top Stressors 
score 
0.169 0.173 0.136 0.175 
 
 
 
Table 56: Correlations between birth-weight and scores from stress scales, among female 
babies 
  
 
Spearman’s Correlation 
(n =27) 
 
Kendall’s tau 
(n = 27) 
Scale rs p t p 
Birth-
weight 
PSS -0.191 0.340 -0.133 0.345 
PLES 0.250 0.208 0.189 0.179 
NuPDQ -0.138 0.491 -0.107 0.450 
JCQ -0.101 0.614 -0.079 0.593 
ELCSA -0.030 0.880 -0.042 0.782 
Other Stressors -0.196 0.327 -0.136 0.368 
Discrimination -0.212 0.289 -0.174 0.281 
Top Stressors 
score 
0.190 0.343 0.146 0.318 
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Table 57: Correlations between birth-term and scores from stress scales, among male 
babies 
  
 
Spearman’s Correlation 
(n = 40) 
 
Kendall’s tau 
(n = 40) 
Scale rs p t p 
Birth-
term 
PSS 0.233 0.147 0.179 0.124 
PLES -0.008 0.959 -0.013 0.914 
NuPDQ 0.187 0.248 0.117 0.318 
JCQ -0.081 0.619 -0.064 0.590 
ELCSA 0.270 0.092 0.199 0.117 
Other Stressors 0.204 0.206 0.173 0.164 
Discrimination -0.077 0.637 -0.066 0.620 
Top Stressors 
score 
0.063 0.701 0.049 0.682 
 
 
Table 58: Correlations between weight for gestational age and scores from stress scales, 
among female babies 
  
 
Spearman’s Correlation 
(n = 27) 
 
Kendall’s tau 
(n = 27) 
Scale rs p t p 
Weight for 
gestational 
age 
PSS 0.011 0.958 0.013 0.930 
PLES -0.027 0.895 -0.023 0.878 
NuPDQ 0.101 0.615 0.080 0.599 
JCQ 0.083 0.679 0.067 0.676 
ELCSA 0.102 0.611 0.083 0.614 
Other Stressors 0.138 0.493 0.105 0.522 
Discrimination -0.084 0.676 -0.070 0.689 
Top Stressors 
score 
0.188 0.348 0.144 0.365 
 
 110 
 
Table 59: Correlations between ponderal index and scores from stress scales, among 
female babies 
  
 
Spearman’s Correlation 
(n = 40) 
 
Kendall’s tau 
(n = 40) 
Scale rs p t p 
Ponderal 
Index 
PSS 0.017 0.932 0.009 0.950 
PLES 0.022 0.913 0.018 0.900 
NuPDQ -0.156 0.437 -0.118 0.401 
JCQ 0.123 0.541 0.095 0.519 
ELCSA 0.023 0.910 0.014 0.927 
Other Stressors 0.194 0.332 0.132 0.381 
Discrimination 0.186 0.352 0.142 0.376 
Top Stressors 
score 
0.023 0.909 -0.028 0.845 
 111 
 
Appendix 2: Recruitment Flyer 
 112 
 
 
 113 
 
Appendix 3: Script for Participant Recruiment 
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Appendix 5: Adult Informed Consent 
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Appendix 8: Medical Record Data Extraction Sheet 
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